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Subcontractor  (Southwest  Research  Institute)  provides  engineering  data  and  system  software  description  for 
the  Acoustic  Orientation  Instrument  (AOI),  which  they  developed  for  inflight  testing.  The  overall  scheme  of 
operation  of  the  system  involves  inputting  a  frame  of  scaled  flight  data  (airspeed,  bank  angle,  vertical  velocity,  etc.) 
from  the  Flight  Instrument  Package  (FIP)  over  an  RS232  serial  link  to  the  AOI,  conversion  of  the  flight  data  to 
corresponding  output  voltage  waveforms  by  the  AOI,  and  delivery  of  those  outputs  to  stereo  headphones  to 
generate  an  auditory  display  of  the  flight  parameters  of  interest.  This  report  constitutes  an  operation  and 
maintenance  manual  for  the  AOI,  including  system  programming  in  the  FORTH  computer  language. 
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INTRODUCTION 


Selected  flight  parameters  of  the  aircraft  are  monitored  by  the  Right  Information  Package 
(FIP).  Upon  a  request  from  the  Acoustic  Orientation  instrument  (AOI),  the  RP  sends  a  frame  of 
scaled  data  corresponding  to  the  current  flight  parameters  over  a  RS232  serial  link  to  the  AOI. 
Rgure  1  shows  a  diagram  of  the  system. 

The  audio  control  circuitry  of  the  AOI  provides  direct  microprocessor  control  over  six 
channels  of  waveform  generation.  Scaled  parameters  from  the  RP  are  mapped  to  an  output 
waveform  heard  by  the  pilot  through  stereo  earphones.  A  simple  example  follows:  Heading 
deviation  (the  deviation  of  actual  heading  relative  to  a  set  heading)  is  used  to  help  the  pilot  stay  on 
a  pre-determined  course.  This  heading  deviation  information  is  used  to  control  the  position  of  the 
acoustic  signal  across  the  pilot's  head  by  adjusting  the  signal  to  the  channels  of  the  pilot’s  stereo 
headset.  A  course  deviation  of  10  degrees  or  greater  results  in  a  monophonic  signal  in  the  ear 
opposite  the  deviation .  As  the  pilot  corrects  the  error,  the  signals  become  more  centrally  located 
between  the  left  and  right  ears,  until  finally  there  is  an  equal  amplitude  between  the  pilot's  left  and 
right  ears  and  the  auditory  image  is  centered. 

Other  aircraft  parameters  which  may  be  presented  as  transformations  mapped  to  acoustic 
signals  indude  airspeed,  angle  of  attack,  vertical  velocity,  altitude,  and  pitch  and  roil  angle,  input 
parameters  may  be  represented  as  changes  in  waveform  frequency,  amplitude,  modulation, 
duration,  attack,  and  decay  times.  The  system  software  is  written  in  the  FORTH  computer 
language  and  is  designed  for  flexibility  over  parameter  minimums,  maximums,  activation  values, 
and  types  of  signals  used  for  stimulus.  This  system  allows  changes  in  control  values  to  remap  the 
acoustic  signals  with  littie  knowledge  of  the  theory  of  the  system  or  programming. 

SOFTWARE 


Acoustic  Orientation  Aid  Software 

The  software  for  the  AOI  has  been  provided  in  three  formats:  1)  source  code  listing  in 
Appendix  H  2)  MS-DOS  'non-documenf  text  files  on  1.2  Mbyte  5  1/4  inch  floppy  disk  and  3)  720 
Kbyte  3 1  /2  Inch  disks. 

Software  Operations  Overview 

A  MS-DOS  laptop  computer  with  a  communications  program  such  as  CrossTalk  XVI  or 
Mirror  III  should  be  used  to  load  the  software  into  the  AOI  and  monitor  its  operation. 

A  batch  file  for  Mirror  is  included  which  SENDS  modules  to  the  AOI.  If  another 
communications  program  is  used,  it  should  be  set  to  require  character  echo  and  wait  for  a  CR/LF 
before  sending  the  next  line. 


Batteiy  Package 


FIGURE  1 .  AOI/FIP  SYSTEM  CONFIGURATION. 
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Once  the  AOI  software  has  been  loaded,  the  laptop  functions  as  a  terminal  to  the  AOI.  The 
delivered  DEMO  module  can  stream  the  values  read  from  the  FIP  to  the  screen. 

Each  of  the  AOI  functional  components  -  for  example  DO.AIRSPEED,  which  translates  the 
data  from  the  airspeed  channel  of  the  FIP  into  tone  frequency  -  has  several  variables  associated 
with  it.  Two  of  the  airspeed  related  variables  are  AIRSPEEO.MAX.FREQ.  and 
AIRSPEED.MIN.FREQ.  These  variables  correspond  to  the  maximum  and  minimum  frequencies 
generated  by  the  airspeed  channel.  The  characteristics  of  the  AOI  may  be  modified  by  simply 
placing  a  new  value  in  the  variable  and  starting  the  program.  The  functional  components  and  their 
associated  variables  are  described  in  detail  in  the  section  Acoustic  Transformations. 

Software  integrity  is  only  maintained  by  avoiding  modifications  of  the  source  code. 
Changes  in  the  variable  settings  should  be  made  in  the  file  DEMO.OO  using  a  text  editor. 

Operating  Sequence 

The  FIP  and  AOI  computer  programs  must  be  loaded  into  the  respective  systems  before  a 
flight  occurs.  First,  secure  the  battery  package  to  the  aircraft  seat  channels.  Next,  mount  the  FIP 
to  the  top  of  the  battery  package  and  engage  the  holding  straps.  This  places  the  FIP  in  the  correct 
configuration  for  flight.  Following  the  steps  outlined  below  will  run  the  system. 

-  Turn  the  FIP  control  switches  located  on  the  to 

panel  of  the  FIP  to  the  off  position. 

-  Connect  the  battery  pack  power  connector  labeled 

Power  Cable  A  to  the  FIP  and  lock  in  place 

-  Connect  RS-232  Cable  A  to  the  AOI  but  not  the  FIP 

-  Connect  RS-232  Cable  B  to  the  Inflight  contoller 

-  Connect  RS-232  Cable  C  from  the  Inflight  controller 

to  the  Flight  data  monitor 

-  Connect  the  cockpit  mounted  remote  indicator 

-  Connect  the  AOI  Power  Cable  from  the  FIP  to  the  AOI 

-  Turn  on  the  Inflight  controller  power  and  verify 

battery  power 

-  Turn  on  the  FIP  main  power  switch 


-  Turn  on  the  Gyro  power 
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-  Turn  on  the  FIP  computer  power 

-  Connect  the  downioeKling  computer  to  port  A  of  the  FIP 

-  Turn  on  the  downloading  computer  and  start  MIRROR 

-  Confirm  the  <OK>  from  the  FIP  computer  * 

-  Download  the  FIP  computer  program 

-  Hook  up  the  AOI RS-232  Cable  A  to  the  HP  Port  A 

-  Hook  up  the  downloading  computer  RS-232  cable  to  the 

AOI  terminal  port. 

-  Confirm  the  OK  from  the  AOI  ** 

-  Download  the  code  from  the  computer  to  the  AOI  ( see 

below) 

-  Start  the  AOI  program 

-  Turn  the  experiment-on  switch  to  the  on  position 

-  Confirm  data  streaming  and  the  TX  light  at  a  rate 

of  approximately  iHz.  *** 

-  Start  the  recording  system  and  the  flight 

*  If  an  <  ok>  is  not  present,  the  connections  are  ^uity  or  the  FIP  computer  is  not  working.  If  the 
green  light  on  the  FIP  computer  is  on,  the  connections  are  faulty. 

**  If  an  <ok>  is  not  present,  check  the  power  connection  and  press  the  red  reset  button  on  the 
front  panel  of  the  AOI.  If  this  does  not  correct  the  problem,  the  AOI  or  FIP  power  system  may 
require  service. 

***  If  data  is  not  streaming  or  Tx  light  Is  not  at  1  Hz.  the  FIP  may  not  be  executing  its  program. 
Check  the  download  program  and  the  status  of  the  FIP  computer  system. 
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AOI  Code  loading  Instructions: 

1.  Start  the  communications  program.  The  settings  are  9600  baud,  8  bits  1  stop  hit, 
no  parity,  character  echo. 

2.  Une  Wait  =  CTRL  J. 

3.  From  the  MIRROR  command  line  type:  DO  STARTUP  arxj  press  the  ENTER  key. 

4.  The  program  modules  will  then  load  into  the  AOI. 

5.  Normal  operation  of  the  AOI  is  indicated  by  an  OK  prompt. 

NOTE:  BE  CERTAIN  THAT  THE  CAPS  KEY  ON  THE  LAPTOP  IS  DEPRESSED.  ALL  COMMANDS 
TO  THE  AOI  MUST  BE  IN  UPPER  CASE! 

6.  Type  AOI  and  press  ENTER.  In  a  few  seconds,  data  values  from  the  FIP  will  start 
streaming  to  the  laptop  display. 

7.  Pressing  any  key  will  stop  the  AOI  program.  Typing  AOI  and  pressing  ENTER  will 
partially  re-initialize  the  system  and  start  the  program.  Variables  which  have  been 
changed  at  the  OK  prompt  will  now  be  in  effect  until  changed  or  until  the  program 
is  reloaded. 

Values  Dlsplaved  When  AOI  Operates 

The  values  displayed  are  scaled  data  values  from  the  FIP.  The  figures  in  the  section 
Acoustic  Transfomnations  show  the  relationships  between  the  readings  on  the  cockpit  instruments 
and  the  scaled  data. 

Reading  and  Setting  Variables 

To  see  the  value  of  a  variable  you  must  do  three  things:  1)  obtain  the  location  of  the 
variable  by  typing  its  name,  2)  fetch  the  value  of  the  variable  by  typing  @,  and  3)  display  the 
variable  by  typing  a  period.  The  OK  prompt  means  the  AOI  is  ready  to  accept  a  command. 

For  example: 

OKAIRSPEED.MIN.FREQ  @  . 

40 

OK 

shows  that  the  current  value  of  the  variable  AIRSPEED.MIN.FREQ.  is  40. 
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To  temporarily  change  the  value  of  a  variable,  three  steps  are  again  required;  i)  type  the 
new  value  and  a  space,  2)  type  the  name  of  the  variable  and  a  space,  and  3)  type  !  and  Enter. 
Each  of  these  entries  must  be  separated  with  a  blank  space. 

For  example  to  make  the  lowest  frequency  for  airspeed  200  Hz: 

OK  200  HZ  AiRSPEED.MIN.FREQ  ! 

OK 


and  the  vaiue  is  changed.  HZ  is  a  word  which  translates  frequency  to  period. 

Changing  the  Value  of  a  Variable  in  DEMO 

The  same  commands  may  be  used  in  DEMO  to  change  the  values  of  a  variable.  Use  a 
text  editor  in  the  laptop  to  edit  the  file  DEMO  to  corttain  the  command. 

As  in  the  airspeed  example  above,  type; 

200  HZAIRSPEED.MIN.FREQ  I 

then  save  the  modified  DEMO  file.  There  is  no  OK  here  because  we  are  editing  a  text  file, 
not  interacting  with  the  interpreter.  When  DEMO  Is  reloaded,  the  new  vaiue  will  be  in  effect.  The 
advantage  of  this  approach  is  that  the  program  Itself  is  not  changed,  it  is  easy  to  keep  track  of 
where  changes  have  been  made,  and  a  complete  re-loading  of  the  program  is  not  required. 

Software  Vector  Hooks 

DEMO  contains  examples  of  the  use  of  the  Forth  MAKE  construct.  As  AOI  was  written, 
portions  of  the  program  were  constructed  as  changeable  hooks,  also  known  as  forward  references 
or  execution  vectors.  The  MAKE  command  is  used  to  plug  a  particular  section  of  code  into  the 
hook.  Initially,  all  hooks  are  connected  to  a  routine  called  NOP  (no  operation),  which  does 
nothing.  Inspection  of  the  source  code  In  Appendix  H  for  the  routine  AOI  in  the  module  AOI  will 
show  that  it  is  just  an  infinite  loop  with  a  series  of  named  hooks.  The  declaration  of  one  of  these 
hooks  is  by  the  word  DOER.  The  declaration  of  the  execution  vectors  for  the  routine  AOI  in  the 
module  AOI,  Is  just  before  the  AOI  routine  itself. 

If  AOI  was  loaded,  but  not  DEMO,  and  AOI  typed  to  start  K,  the  AOI  microprocessor  would 
be  an  infinite  loop  doing  nothing.  It  would  be  necessary  to  either  remove  power  from  the  system 
and  reload  the  software  or  press  the  reset  button  on  the  AOI  in  order  to  stop  the  execution. 
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In  DEMO  the  phrase: 

MAKEHOOK4GET.OUT 

changes  the  operation  of  HOOK3  from  NOP  to  the  routine  GET.OUT  which  checks  for  depression 
of  any  key  and  exits  the  loop  If  any  key  has  been  pressed. 

Similarly,  the  phrase: 

MAKE  N.STARTUP  SETUP 

Causes  the  routine  SETUP  to  be  Inserted  into  the  hook  N.STARTUP. 

Hooks  can  be  turned  off  by  setting  them  to  execute  the  routine  NOP  as  follows: 

MAKE  HOOK2  NOP 

This  phrase  will  stop  the  display  of  the  scaled  data  values  on  the  laptop. 

In  general,  the  vectors  can  be  hooked  and  unhooked  as  desired,  with  one  exception.  The 
routines  for  airspeed  (DO.AIRSPEED)  and  for  vertical  velocity  (DO.  VERTICAL  VELOCITY)  are 
related  since  the  vertical  velocity  routine  controls  the  amplitude  of  the  airspeed  tone. 

Acoustic  Transformations 

The  software  modules  for  the  various  functions  work  in  a  consistent  manner.  There  is  a 
range  of  scaled  data  values  defined  by  endpoints  and  a  range  of  AY-8930  control  parameters  for 
an  acoustic  dimension  defined  by  endpoints. 

The  software  linearly  scales  the  data  value  to  the  AY-8930  parameter  value  and  loads  the 
appropriate  AY-8930  register  to  set  the  corresponding  acoustic  dimension.  The  rest  of  the  code  in 
the  function  routines  is  primarily  logic  to  prepare  for  the  appropriate  scaling. 

The  following  discusses  the  relationships  between  the  scaled  data  from  the  RP  and 
parameters  for  the  acoustic  signals.  The  specific  values  described  are  those  originally  delivered 
with  AONI.  As  described  above,  it  is  intended  that  these  parameters  be  changed  by  modifying  the 
file  DEMO.  It  is  Important  to  understand  that  the  encoding  relationships  described  here  are  only 
and  example  of  the  set  of  possible  encoding  schemes.  The  source  code  containing  PIP  data  to 
AOI  scaled  data  is  found  in  Appendix  H.  One  must  carefully  read  the  source  code  to  understand 
the  detaBs  of  the  encoding  examples.  In  figures  2-7,  the  upper  line  indicates  the  range  of  scaled 
data  from  the  PIP  and  the  corresponding  physical  parameter  values,  while  the  lower  line  displays 
the  range  of  acoustic  parameters. 


AIRSPEED 


FIGURE  2.  AIRSPEED  INPUTS.  SCALED  DATA  VALUES  AND  THEIR  ACOUSTIC 
TRANSFORMATION. 
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VERTICAL  VEL(XITY  INPUTS.  SCALED  DATA  VALUES,  AND  THEIR  ACOUSTIC 
TRANSFORMATION. 
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FIGURE  4.  HEADING  ERROR.  SCALED  DATA  VALUES  AND  THEIR  ACOUSTIC 

TRANSFORMATION. 
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FIGURE  5.  ROLL  INPUTS.  SCALED  DATA  VALUES,  AND  THEIR  ACOUSTIC 
TRANSFORMATION. 
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FIGURE  7.  ANGLE  OF  ATTACK  INPUTS  AND  THEIR  ACOUSTIC  TRANSFORMATION. 
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Airspeed 

Airspeed  is  encoded  into  the  frequency  of  a  square  wave  output  which  increases  in 
frequency  as  airspeed  increases.  The  upper  line  in  Figure  2  shows  that  the  range  of  scaled 
airspeed  values  is  from  0  to  330  knots,  corresponding  to  scaled  data  values  from  0  to  4096.  The 
lower  line  shows  that  the  AIRSPEED.MIN.FREQ  is  40  Hz  and  the  AIRSPEED.MAX.FREQ  is  1000 
Hz.  This  range  of  frequencies  is  mapped  linearly  between  the  scaled  data  values  corresponding  to 
LOW.AIRSPEED.UMIT.VALUE  (current  scaled  data  value  of  1116  corresponding  to  90  knots)  and 
HI.AIRSPEEO.UMIT.VALUE  (current  scaled  data  vdlue  of  2235  corresponding  to  180  knots). 
Changes  in  these  variables  will  change  the  scaling.  If  LOW.AIRSPEED.UMIT.VALUE  was  set  to 
1861  (150  knots)  and  HI.AIRSPEEO.UMIT.VALUE  was  set  to  2110  (170  knots)  and  the  other 
variables  unchanged,  the  new  airspeed  range  of  20  knots  would  be  scaled  from  40  to  1000  Hz. 
Slmflarty,  If  the  airspeed  limit  values  were  at  their  original  values  and  AiRSPEED.MAX.FREO  was 
changed  to  1500  Hz,  airspeeds  from  90  to  180  knots  would  be  mapped  onto  a  50%  larger 
frequency  range. 

Vertical  Velocity 

The  direction  of  vertical  velocity  (climb  or  dive)  is  encoded  as  a  change  in  amplitude 
modulation  (attack  or  decay)  of  the  airspeed  tone.  The  magnitude  of  vertical  velocity  is  encoded 
into  the  period  of  the  amplitude  modulation  with  long  periods  corresponding  to  low  vertical 
velocities  arxi  short  periods  corresponding  to  high  vertical  velocities.  There  are  selectable  vertical 
velocities  beyorKl  which  the  modulation  period  does  not  change.  As  shown  in  Figure  3  the  scaled 
values  of  vertical  velocity  from  the  FIP  range  from  0  (2048  feet/minute  dive)  through  2048  (level 
flight)  to  4096  (2048  feet/minute  dimb).  The  range  between  the  DIVE.THRESHOLD  of  1748  (300 
feet/minute  dimb)  and  the  CUMB.THRESHOLD  of  2348  (300  feet/minute  dive)  define  a  null  region 
where  there  is  no  amplitude  modulation  of  the  airspeed  tone.  Between  the  CUMB.THRESHOLD 
and  the  CUMB.2048.FT/MIN.  VALUE,  the  period  of  amplitude  iTKxIulation  (decays  starting  with  the 
maximum  Intensity  and  decreasing  In  32  logarithmic  steps)  changes  from  slow  (the  maximum 
envelope  period  of  65535)  to  fast  (the  minimum  envelope  period  of  12000).  The  signal  changes 
between  the  DIVE.THRESHOLO  and  the  DIVE.2048.FT/MIN.COUNTS  are  analogous  except  when 
the  amplitude  modulation  consists  of  attacks  starting  with  the  lowest  intensity  and  stepping  to  the 
maximum.  The  VERTICAL VELOCITY.MINIMUM.ENVELOPE.PERIOD  is  set  to  12000  in  order  to 
permit  discrimination  of  the  decays  and  attacks.  Although  the  demo  program  has  symmetrical 
thresholds  and  limit  values,  this  is  not  a  requirement. 

HWdlnflJrrot 

Heading  error  is  relatNe  to  the  heading  set  on  the  FIP.  Heading  errors  move  the  apparent 
location  of  the  acoustic  signal  in  a  direction  opposite  the  deviation.  Figure  4  shows  the  encoding 
of  heading  error.  Scaled  heading  error  values  from  the  RP  range  from  0  (180  degrees  left  heading 
error)  to  180  (on  course)  to  359  (179  degrees  right  heading  error).  Between 
LEFT.HEAOINQ.ERROR.THRESHOLO  (scaled  value  of  175  which  corresponds  to  a  5  degree  left 


15 


heading  error)  and  RIGHT.HEAOING.ERROR.THRESHOLO  (185  which  corresponds  to  a  5  degree 
right  heading  error)  the  acoustic  signal  is  centered.  Between 

LER.HEADING.ERROR.THRESHOLD  and  LER.HEADiNG.ERROR.UMiT.VALUE  (160 
corresporxling  to  a  20  degree  ieft  heading  error)  there  are  SO  position  steps  toward  an  apparent 
iocatkxi  Of  the  acoustic  signal  on  the  right.  Left  heading  errors  iarger  than  the 
LER.HEAOING.UMIT.VALUE  are  positioned  at  the  maximum  iocation  to  the  right.  Heading 
deviations  to  the  right  are  similar  in  concept,  except  that  the  apparent  acoustic  signal  location 
moves  to  the  left  with  increasing  deviations. 

Roll 


Encoding  of  roll  is  directly  analogous  to  the  encoding  for  heading  error.  Figure  5  shows 
the  particular  values  of  the  values  in  the  roll  variables  used  in  the  supplied  version  of  AOI. 
Because  heading  error  arxl  roll  both  encode  to  position  within  the  head  on  the  interaural  axis,  only 
one  may  be  connected  to  its  software  vector  hook  at  a  time. 

Altitude  Deviation 

Altitude  deviation  is  relative  to  the  value  set  on  the  FiP.  Figure  6  shows  the  altitude 
encoding  scheme.  Altitude  deviation  covers  a  range  between  2048  feet  below  the  FIP  setting 
(scaled  data  value  of  0)  and  2048  above  the  FiP  setting  (scaled  data  value  of  4096).  Above  the 
HIGH.ALTITUOE.UMnr.VALUE  of  2548  (500  feet  above  FIP  setting),  a  high  pitched  triangle 
modulated  annunciatior  is  added  to  the  acoustic  signal.  ALTITUDE. >.TOLERANCE.FREO  is  the 
variable  which  controls  the  frequency  of  the  annunciator  and  ALTITUDE.ENVELOPE.PERIOD  is  the 
variable  which  controls  the  period  of  the  annunciator.  Below  the  LOW.ALTITUDE.LIMIT. VALUE  of 
1548  (500  feet  below  FIP  setting)  the  annunciator  is  added  to  the  acoustic  signal  with  a  frequency 
controlled  by  the  variable  ALTITUDE.  <  .TOLERANCE.FREQ. 

AnQle.Of, attack 

Encoding  of  angle  of  attack  is  shown  in  Figure  7.  Because  there  is  not  a  functioning  angle 
of  attack  vane  on  our  test  aircraft,  this  function  is  not  yet  implemented.  The  acoustic  signal  for 
angle  of  attack  is  intended  to  provide  a  warning  of  an  impending  stall. 
ANGLE.OF.ATTACK.NEUTRAL VALUE  is  an  offset.  If  the  scaled  data  value  for  angle  of  attack  is 
less  than  ANGLE.OF.ATTACKNEUTRAL VALUE  plus  ANGLE.OF.ATTACK.THRESHOLO,  there  is 
no  acoustic  output  for  angle  of  attack.  If  the  scaled  data  value  is  greater  than 
ANGLE.OF.ATTACK.THRESHOLD  but  less  than  the  stall  value,  angle  of  attack  deviation  from 
threshold  Is  mapped  onto  the  period  of  a  digital  noise  generator  in  one  of  the  AY-8930 
programmable  sound  chips.  Just  above  the  threshold,  the  acoustic  signal  is  randomly  spaced 
clicks  with  a  low  average  rate.  As  deviation  above  threshold  increases,  the  average  rate  increases 
untl  just  before  a  stall,  the  acoustic  signal  resembles  wide  band  noise.  When  data  value  scaling  is 
known,  it  is  merely  necessary  to  Insert  appropriate  scaled  values  into  the  variables  in  the  module 
DEMO  as  described  above. 


The  diagrams  in  the  section  Acoustic  Transfornnations  show  the  important  variables  for  the 
differertt  functional  routines.  A  great  deal  of  flexibUity  in  the  operation  of  the  AOI  is  available  by 
careful  changing  of  the  values  of  the  variables.  Alternatively,  by  inappropriate  changes  in  the 
variables,  It  is  possible  to  render  the  AOI  non-functional  until  the  original  code  is  reloaded. 

Substituting  AOI  Function  Routines 

Using  the  delivered  source  code  as  a  guide,  new  routines  can  be  written  in  the  MAX- 
FORTH  language  of  the  AOI  microprocessor.  For  example,  a  new  vertical  velocity  routine,  for 
example,  DO.NEW.  VERTICAL  VELOCITY,  could  be  written  and  loaded  after  the  file  AOI.  By  editing 
the  line  in  file  named  DEMO  from 


MAKE  N.DO.VERTICAL  VELOCITY  DO.VERTICAL  VELOCITY 
to 

MAKE  N.DO.VERTICAL  VELOCITY  DO.  NEW.  VERTICAL  VELOCITY 

the  new  routine  would  be  hooked  into  the  AOi-li  software. 


PevelODmerTt  Environment 

The  AOI  software  was  developed  on  IBM-PC  compatibles.  Either  Crosstalk  XVI  from 
Digital  Communications  Associates  or  Mirror  from  Softkione  Associates  were  used  as 
communications  programs.  Mirror  includes  a  screen  editor  which  allows  the  editing  of  files  while 
stm  in  serial  communications  with  the  AOI. 

PflliY9f9d  FiBM 

The  following  files  are  on  the  MS-DOS  format  disk  delivered  with  the  AOI  system.  The  first 
group  of  fles  are  modules  which  make  up  the  AOI  software.  These  files  are  listsd  in  Appendix  H. 
These  source  code  files  have  comments  which  clarify  the  actions  being  performed.  Since  the 
source  code  is  written  in  MAX-FORTH,  the  language  embedded  in  the  ROM  of  the  microprocessor 
of  the  AOI,  one  must  be  proficient  In  FORTH  to  understand  the  code  in  detail.  However,  because 
of  the  ability  to  use  meaningful  names  for  routines  in  Forth,  one  does  not  need  to  be  an  expert  to 
read  the  Forth  source  code  and  understand  the  function  of  the  components  of  the  routines. 
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Forth  has  a  variety  of  unique  characteristics.  The  ianguage  is  a  postfix  notation  simiiar  to 
that  of  most  Hewlett  Packard  calculators.  This  means  that  first  the  operands  are  entered  and  then 
the  operator.  For  example,  to  add  four  and  six  in  Forth,  you  wouid  type  4  6  -i-  and  then  a  period. 
(.  is  the  print  command)  to  print  out  the  resuit  of  10.  The  MAX-Forth  reference  manuai  delivered 
with  the  AOI  includes  an  introduction  to  programming  Forth.  A  second  feature  of  Forth  is  the 
dictionary.  Routines  are  called  words,  and  as  new  words  are  defined  they  are  entered  into  the 
dictionary.  Because  of  its  structure.  Forth  requires  that  any  words  used  within  another  defining 
word  must  have  been  previously  entered  into  the  dictbnary  (unless  it  is  a  forward  reference 
preceded  by  the  word  DOER).  Another  feature  Of  Forth  is  that  most  parameter  passing  is  done  on 
a  data  stack  instead  of  through  static  data  structures.  Forth  is  ideally  suited  for  hardware  oriented, 
real-time  control  problem  applications  such  as  the  AOI,  because  routines  (words)  may  be 
interactively  tested  and  debugged. 

The  following  source  code  files  are  listed  in  the  order  in  which  they  are  loaded  into  the  AOI 


system. 

SETUP 

Configures  the  system  memory  and  defines  utilities 

ARRAYS 

Defines  array  and  table  words 

CASE 

Defines  a  case  selection  execution  structure 

CHIPCTRL 

Hardware  control  primitives  for  the  AY-6930S 

DOERMAKE 

Implements  the  forward  reference  mechanism 

SELECTOR 

Connects  functional  names  to  AY-8930  registers 

VIEW8930 

Controls  AY-8930  shape/cyde  registers 

ENVELOPE 

Dumps  all  AY-8930  registers  in  AOI  context 

CONVERT 

Converts  frequency  to  period 

TIME6622 

Uses  6522  as  a  timer 

XICOR 

Controls  digital  potentiometers 

CONFIGUR 

Sets  up  hardware 

TRANSIT 

Provides  AO1 1&2  compatibility 

ACIACOM 

Provides  communications  to  FiP 

SHOFRAME  Displays  scaled  data 


AOI  Performs  the  AOI  transformations 

SYSINITS  Initializes  routines 
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The  AOI  module  is  the  module  relevant  for  understanding  the  operation  of  the  AOI  and 
seeing  the  meaning  of  the  variables  which  are  analogous  to  the  trimmer  potentiometers  on 
traditional  instruments.  Skilled  adjustment  and  change  can  enhance  AOI  performance. 

The  source  code  modules  listed  below  contain  comments  and  white  space  to  enhance 
readability. 

DEMO  is  the  last  module  downloaded  to  the  AOI  and  contains  the  following: 


MAKE  N.STARTUP  SETUP  ( IN  FILE  SYSINITS ) 

MAKE  HOOK1  SYNCH 

( WAITS  UNTIL  1  SECOND  HAS  ELAPSED  SINCE  TIMER  STARTED ) 

( THE  TIME  FOR  THE  AOI  PROCESSING  IS  WITHIN  THE  SECOND ) 
MAKE  HOOK2  GET.DATA.FRAME 
( PUTS  A  FRAME  OF  DATA  INTO  INPUT.DATA  ARRAY ) 

( INPUT.DATA  IS  DEFINED  IN  FILE  TRANSITS ) 

( GET.DATA.FRAME  IS  DEFINED  IN  ACIACOM ) 

MAKE  HOOK3  SHOW.  DATA.  FRAME 
( SHOWS  THE  DATA  FRAME  FROM  INPUT.ARRAY ) 

MAKE  HOOK4  GET.OUT 

( GET.OUT  BR^S  YOU  OUT  OF  THE  PROGRAM  IF  ANY  KEY  IS  HIT ) 
( GET.OUT  DERNED  IN  RLE  SETUP ) 

( MAKE  N.DO.AOA  DO.AOA) 

( AOA  VANE  IS  NOT  YET  ON  AIRPLANE ) 

MAKE  N.OO.AIRSPEED  DO.AIRSPEEO 


( BOTH  DO.ROLL  AND  DO.HEADING.ERROR  USE  THE  HEADPHONE 
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BALANCE ) 

( THEREFORE  ONLY  ONE  CAN  BE  USED  AT  A  TIME ) 

MAKE  N.DO.ROLL  DO.ROLL 

( MAKE  N.DO.HEADING.ERROR  DO.HEAOINQ.ERROR  ) 

MAKE  N.DO.ALT1TUDE  DO.ALTITUDE 

MAKE  N.DO.VERTICAL  VELOCITY  DO.  VERTICAL  VELOCITY 

The  modules  above  connect  the  routines  to  the  hooks  in  the  AOI  program  (resolves  the 
forward  references  from  NOP  to  the  desired  action.  DEMO,  is  the  appropriate  place  to  add 
changes  to  set  variables  to  new  values. 

LP.DOC  explains  how  the  listings  were  printed  and  contains  the  following; 

This  is  the  command  line  used  with  Norton's  LP  program  to  produce  the  HP  Laserjet  listings; 

ip  filespec  /h60/wl  32/set;  \aoi\lasercod/l25/r25 

The  file  LASERCOD  contains  the  setup  for  the  HP  Laserjet  and  consists  of: 

\027E\027(s16.66H) 

(This  information  is  only  relevant  if  you  have  Norton  Utilities  and  an  HP-Laserjet  printer). 

SERIAL  COMMUNICATIONS  INFORMATION 

Serial  Communications 

The  following  data  frame  is  used  when  data  is  sent  from  the  FIP  to  the  AOI-II. 

Frame  Start  Character  (STX  ascii  02) 

Airspeed 

Angle  of  Attach  (not  used) 

Vertical  Velocity 
Heading  Deviation  (+  -) 

Roll  Angle 

Pitch  Angie 

Altitude  Deviatbn  (+  •) 

End  of  Frame  Character  (ETX  -  ascii  03) 

Data  is  sent  at  9600  baud,  8  data  bits,  1  stop  bit,  no  parity.  The  data  are  sent  as  16  bit 
binary  integers  with  a  check  sum. 


20 


SYSTEM  OVERVIEW 


Purpose 

The  Acoustic  Orientation  Instrument  (AOI)  has  been  designed  as  an  acoustic  signal 
synthesis  and  output  device  driven  by  the  Right  Instrumentation  Package  (FIP).  As  a  system,  the 
AOI  is  directly  connected  through  a  serial  communications  line  to  the  FIP  and  generates  acoustic 
parameters  based  on  the  scaled  values  of  flight  parameters  measured  by  the  FIP  while  in  flight. 

The  FIP-AOl  system  is  designed  to  operate  for  up  to  4  hours  from  a  battery  package  that 
supplies  both  the  AOI  and  the  FIP.  Audio  output  is  provided  to  two  stereo  headphone  jacks 
located  on  the  front  panel  of  the  AOI.  The  AOI  Is  housed  in  a  6x6x4  inch  metal  case  and  consists 
of  six  individuai  printed  circuit  boards. 

Component  Overview 

68HC1 1  /F  Single  Board  Computer 

The  first  component  in  the  system  is  a  68HC11/F,  single-board  computer  operating  at  4 
MH2  from  New  Micros  Inc.,  Dallas,  Texas.  The  board  runs  the  FORTH  programming  language  as 
well  as  assembly  code  and  contains  a  port  replacement  unit  (PRU),  three  sockets  for  RAM,  and  a 
total  addressable  range  of  64K,  minus  the  space  used  by  the  FORTH  language  in  ROM  within  the 
microprocessor.  Also  included  on  the  board  is  a  RS232  communications  port  for  the  console 
operating  at  9600  baud,  8  bits  no  parity,  one  stop  bit.  In  this  implementation  the  board  utilizes  32K 
of  RAM  and  the  Forth  language  in  ROM.  All  components  in  the  AOI-II  are  menrKxy  mapped  on  the 
bus  using  the  JEDSTACK  connector  on  the  board.  The  bus  contains  16  address  lines,  8  data  lines 
multiplexed,  read/write  signals,  interrupt  signals  and  other  miscellaneous  microprocessor 
generated  signals.  The  dock  used  on  the  microprocessor  board  is  used  as  the  AOI  system  dock 
and  drives  all  other  boards.  Bus  addressing  has  been  used  to  guarantee  high  speed  operations 
and  data  transfer  to  all  other  boards  in  the  sydem.  The  bus  also  provides  one  leg  of  the 
mechanical  support  for  the  entire  AOI  board  set.  Other  information  on  the  68HC1 1  /F  board  can 
be  found  in  the  Appendix  B.  Also  induded  in  Appendix  B  are  the  Max-Forth  and  68HC1 1  manuals. 

6522/8^  Board 

The  6522/8930  board  is  used  in  the  system  to  generate  acoustic  signals.  Two  General 
Instruments  AY-8930S  are  located  on  the  board  and  provide  up  to  six  independent  channels  of 
digital  audio.  Each  8930  Is  separately  memory  mapped  and  operates  independently.  During  the 
development  of  the  system  it  was  found  that  the  8930s  are  not  directly  compatible  with  the  bus 
structure  of  the  JEDSTACK.  To  correct  the  interface  signal  problems,  a  Rockwell  Semiconductor 
65C22  was  used.  This  single  65C22  provides  two  extra  parallel  ports  and  thereby  the  ability  to 
synthesize  a  secondary  bus  used  to  interface  the  AY-8930S  to  the  68HC1 1  /F. 
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Board  Function 


Signals  from  the  bus  are  decoded  by  two  74HC688  8  bit  bus  comparators.  The  board  is 
decoded  In  16  bytes  of  RAM  and  can  be  located  anywhere  within  the  free  memory  space  of  the 
microprocessor.  The  dual  688s  decode  address  lines  A1S-A4  based  on  a  low  address  strobe  on 
the  bus.  The  subsequent  P=Q  line  pulls  down  memory  disable  and  provides  the  chip  select  line  to 
the  6522.  All  subsequent  reads  and  writes  to  the  6522  are  done  using  standard  bus  nomenclature. 
The  6522  Is  used  In  this  application  to  synthesize  the  8  bit  data  bus  going  to  both  AY-8930S  and  the 
required  control  lines  BOIR,  BCl ,  Reset,  A8  and  A9.  Because  of  this  synthetic  bus,  transfer  rates 
to  the  AY-8930S  are  substantialiy  lower  than  that  which  couid  be  achieved  using  direct  bus  access. 
Fortunately,  in  this  application,  higher  speed  access  was  not  a  requirement. 


Port  A  on  the  65C22  is  used  to  provide  data  and  address  iines  to  both  AY-8930S  as  shown 
in  the  schematic  labeied  AOI  Digital  Board  Rev  3.0  in  Appendix  A.  The  6522  pins  CAl,  CA2,  CB1 , 
CB2  are  not  used  at  this  time.  Port  B  synthesizes  ail  of  the  control  iines  used  for  both  of  the  AY- 
8930s.  PBl  and  PB2  are  used  to  synthesize  BDIR  and  BCl  on  the  8930  chips.  PBO  is  used  to 
select  AY-8930-0  or  AY-8930-1  .  AY-8930-0  has  its  control  line  A8  tied  high  thereby  using  a  low 
signal  on  PB  5  to  select  it.  AY-8930-1  has  bit  A9  tied  low,  and  uses  a  high  signal  on  A8  to  select  it. 
This  single  line  provides  simple,  quick  chip  select  logic  between  the  two  devices  and  guarantees 
that  bus  contention  between  the  two  chips  never  occurs. 


Ail  of  the  parts  on  this  board  are  clocked  using  the  microprocessor’s  2MHz  dock.  A 
secoTKlary  bus  sy^em  Is  also  provided  on  the  AY-8930/6522  board.  It  consists  of  four  rows  of  35 
pins  located  on  the  rear  portion  of  the  board  and  is  designed  for  board-to-board  interconnection. 
All  signals  from  the  8930  as  well  as  12V,  -12V,  +5v,  and  ground  are  present  on  this  bus.  I/O 
control  ports  from  both  AY-8930s  are  used  to  control  mixer  board  functions  on  the  audio  mixer 
board  (see  that  section). 


The  board-to-board  Interconnection  bus  is  configured  as  four  rows  of  35  pins.  Row  1 , 
labeied  Cl ,  contains  ail  four  of  the  8  bit  ports  found  on  the  AY-8930S.  Row  2,  C2,  is  completely 
grourxied  to  provided  isolation  and  rroise  Immunity  to  the  system.  Row  3,  C3,  carries  on  pins  i  -6, 
all  six  channels  of  audio  generated  by  the  AY-8930S  chips  0  and  1 .  Row  4,  C4,  contains  ground, 
+ 1 2V,  -1 2V  and  5V.  See  the  schematic  for  pin  labeling  on  this  bus.  Silk  screens  for  this 
board  are  provided  in  Appendix  A.  One  150%  board  layout  is  provided  in  Appendix  A.  A 
componeiTt  list  for  this  board  is  provided  in  Apperxiix  G.  A  bit  list  for  this  board  is  shown  on  the 
following  page. 
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API  II  Digital  Potentiometer  Control  Bit  Ust 

The  following  list  shows  the  AY-8930  output  bits  used  to  control  the  digital  potentiometers. 
All  bits  are  shown  with  the  AY-6930  pin  number  and  the  function. 

10  =  Chip  0 

11  =  Chip  1 

Negative  logic  is  shown  with  a  ~ 


Function 

Descriotion 

lO-BO 

U/-D 

AIIU/DfortheXicors 

10-Bl 

INC  Xicor  Pot 

Increment  all  Xlcors 

11 -AO 

Pre-Mixer  Pot 

Level  control 

I1-A1 

Noise  Level 

Noise  level  control 

I1-A2 

Balance 

Balance  Xicor  control 

11 -A3 

Left  Volume 

Post  balance  gain 

I1-A4 

Right  Volume 

Post  balance  gain 

I1-A5 

Not  Used 

I1-A6 

HP  Filter 

Sets  the  pass  band*  tied  to  A7 

11 -BO 

ChOA 

Audio  output  gain 

I1-B1 

ChOB 

Audio  output  gain 

I1-B2 

ChOC 

Audio  output  gain 

I1-B3 

all  Chip  0 

Mixer  0 

I1-B4 

ChIA 

Audio  output  gain 

I1-B5 

ChIB 

Audio  output  gain 

I1-B6 

Chic 

Audio  output  gain 

I1-B7 


All  Chip  1 


Mixer  1 
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Note:  lO-AO  through  I0-B7  arxl  Ch  OA,  OB,  OC,  are  from  chip  zero  (0)  arxJ  II -AO  through  II -B?  arxj 
Ch  1A,  IB,  1C  are  from  chip  one  (1). 

Audio  Mixer  Board 

The  Audio  mixer  board  provides  six  channels  of  mix-down  capability  and  final  amplification 
of  the  audio  signals  generated  by  the  6522/8930  board.  The  board  contains  six  channels  of 
independent  mixers  with  independent  digitally  controlled  volume,  two  3  to  1  mixers,  mixers  for  four 
external  signal  sources  with  manually  controlled  potentiometers,  computer-controlled  balance 
circuitry,  and  final  amplification.  Also  included  on  this  board  is  a  variable  bandwidth  filtered  white 
noise  source.  Information  about  this  board  is  in  Appendix  F. 

Each  of  the  audio  channels  from  the  AY-8930  board  (A,B,C  AY-8930-0,  A',B’,C'  AY-8930-i) 
are  provided  to  this  board  using  the  board  to  board  bus  interconnections  described  under  the  AY- 
8930  board  section.  The  board  provides  several  stages  of  modification  to  the  audio  signal 
generated  on  the  AY-8930  board.  The  first  stage,  buffering,  attenuation  and  amplification,  is 
realized  using  a  digital  XICOR  potentiometer.  The  potentiometer  Is  located  on  the  feedback  loop 
of  the  Op-amp  used  to  buffer  the  digital  signal  to  this  board.  Gains  up  to  2X  and  attenuation  to  .5X 
can  be  achieved  with  the  100  step  potentiometer.  Individual  control  of  each  of  the  six  channels 
and  each  of  the  gain/amplification/attenuation  network  Is  provided  using  AY-8930  control  bits  (see 
the  AY-8930  board  bit  list).  Once  amplified  or  attenuated,  the  raw  signals  are  provided  to  jumper 
blocks  J1-J3  for  AY-8930-1  or  J5-J7  for  AY-8930-0.  Each  jumper  block  provides  the  user  the 
capability  of  mixing  the  signal  within  the  output  group  of  that  chip,  or  separating  the  signal  to  be 
used  in  the  post-balance  portion  of  this  board’s  circuitry.  If  used  in  the  default  configuration  all 
signals  from  the  single  attenuation  /amplification  stages,  will  be  routed  to  the  3:1  mixer  on  ICl.  At 
this  point,  all  three  of  the  signals  from  AY-8930-0  will  be  routed  to  IC2  and  all  signals  from  AY-8930- 
1  wHI  be  routed  to  ICl.  In  this  configuration,  complete  3;i  mixing  is  achieved  on  one  quad  op- 
amp.  The  output  of  this  3:1  mixer  is  then  sent  to  a  2:1,  or  final  mixing  stage,  on  IC3.  IC3  also 
contains  the  amplifiers  used  In  the  external  mixing  sources  referred  to  as  pre-balance  external 
mixers.  Note  that  the  output  of  both  3:1  mixers  and  the  subsequent  4:1  include  only  monaural 
signals  from  the  two  AY-8930S  and  the  two  external  signal  sources.  The  external  signal  source  op- 
amps,  located  on  IC3,  provide  up  to  .2X  attenuation  or  +2X  amplification  of  the  external  signal 
source.  R12  and  R13  (components  list  appendix  G)  are  used  to  match  the  impedance  and  set  the 
gain  of  the  circuit  for  the  external  signals  to  the  internal  circuitry  used  on  this  PC  board. 

The  final  portion  of  circuitry  in  the  prebalance  mixing  chain,  op-amp  4,  located  on  IC3, 
allows  the  user  to  digitally  control  all  AY-8930  and  two  external  prebalance  signal  sources  before 
they  are  processed  by  the  balance  circuit.  Complete  digital  control  of  attenuation  and  gain  of  this 
combined  signal  is  provided  using  another  XICOR  digital  potentiometer  and  the  control  lines  found 
on  the  external  bus.  Once  the  signals  are  mixed,  a  balance  circuit,  utBizing  one  XICOR  digital 
pt^entiometer  and  one  MC34082  dual  op-amp  allows  the  users  to  modulate  the  signal  source 
across  the  head  of  the  pilot.  Near  full  attenuation  on  either  channel  is  attained  using  this  system. 
Note  that  unity  gain  is  provided  through  this  circuit. 


Note,  at  this  point  in  the  circuitry  the  user  Is  allowed  to  route  signals  either  prebalance  or 
postbalance.  If  prebalance  is  selected,  all  signals  are  mixed  through  IC3  op-amp  4.  If  post  balance 
is  selected,  signals  are  routed  to  jumpers  1  -9  pins  6  or  4  and  are  processed  post  balance.  As  was 
the  case  with  the  prebalance  signals,  two  external  inputs  are  provided  for  the  user.  In  contrast  to 
the  prebalance  signals,  the  postbalance  external  mixers  are  either  external  left  or  external  right. 
Crossover  between  the  two  channels  is  nonexistent.  The  final  stage  before  power  amplification 
mixes  any  signals  routed  from  the  prebalance  mixem  or  external  prebalance  signal  sources  and 
the  external  post  balance  sources.  Again,  digital  gain  using  the  XICOR  digital  potentiometers  is 
provided  with  attenuation  characteristics  similar  to  those  mentioned  above. 

Rnal  mixers,  located  on  iC2,  op-amps  2  and  4,  are  routed  to  the  LM  1877  power  amplifier. 
This  power  amplifier  is  capable  of  driving  loads  up  to  8  ohms  at  one  watt.  Two  jacks  have  been 
provided  on  the  AOI  front  panel  both  wired  in  parallel.  Because  of  this,  impedance  calculations 
should  be  considered  before  attaching  any  low  impedance  systems. 


The  XICOR  digital  potentiometers  (data  sheet  shown  in  ApperxJix  F)  provide  full  digital 
control  of  an  IC-based  100  step  potentiometer.  In  the  AOI  system,  lOK,  SOK,  and  lOOK  ICs  are 
used.  Implementation  of  the  potentiometers  on  this  board  is  simple.  All  up.  down,  and  increment 
lines  are  tied  to  a  sinc^e  pin  and  are  operated  using  the  AY-8930  control  pins.  Chip  select,  Pin  7,  is 
Individually  controlled  across  the  entire  board  using  Individual  pins  on  the  AY-8930S  (see  the  chip 
control  data  sheet  under  the  AY-8930  section).  This  implementation  provides  two  features.  The 
first,  the  lessening  of  control  lines  by  ganging  all  up/down  and  increment  lines  together,  provides  a 
simpler  and  less  noisy  board  layout.  The  second,  individual  control  of  chip  select  but  not  up/down 
and  increment,  provides  high  speed  chip  select  and  the  ability  to  gang  together  the  operation  of 
several  devices  at  once,  i.e.,  the  entire  AY-8930-0  audio  can  be  attenuated  whHe  not  affecting  the 
channels  on  AY-8930-1 . 


The  ground  plane  power  board  provides  two  basic  functions.  The  first, 
distribution  of  power  and  signals  for  the  entire  AOI  system.  The  secorrd,  isolation  of  high 
frequency  noise  from  the  microprocessor  unit  to  the  sensitive  analog  audio  portions  of  the  AOI. 
Power  from  the  external  DB-9  power  connector  is  routed  directly  across  the  board  through  several 
bypass  capacitors  and  ferrite  beads.  This  implementation  of  power  filtering  provides  not  only  low 
frequency  fHtering  and  decoupling  but  also  high  frequency  noise  attenuation.  Once  the  power  is 
brought  to  the  board,  it  is  distributed  to  both  the  AY-8930  board  to  board  bus,  busses  Cl -04,  and 
connector  AC1.  Complete  schematics,  board  layouts,  and  pin  numbering  for  this  board  can  be 
found  in  Appendix  D. 
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Noise  Filter  Board 

The  noise  filter  board,  a  final  addition  to  the  AOI-II  system,  consists  of  a  white  noise 
source,  a  fixed  low  pass  and  variable  high  pass  digitally  controlled  filter  system.  Wide  band  white 
noise  is  achieved  using  the  LM389  audio  op-amp.  The  op-amp  and  its  associated  free  transistor 
are  used  In  conjunction  to  generate  white  noise.  The  transistor  shown  in  the  data  sheet,  located  in 
Apperxlix  E,  is  used  in  an  open  collector  mode  to  generate  transistor  noise.  The  resulting  noise  is 
amplified  and  used  within  this  circuit  The  resulting  signal  is  processed  using  a  variable  high  pass, 
fixed  low  pass,  band  passed  filter  configuration.  This  filter  utilized  a  fixed  low  pass  edge,  located 
on  IC2,  and  a  variable  high  pass.  Located  on  IC3.  The  filter  building  blocks,  consisting  of  four  free 
op-amps  on  the  FLT-U2s,  provide  not  only  stable,  easy  to  configure  filter  configurations,  but  also 
in  the  case  of  the  high  pass  variability,  provide  a  simple  resistor  based  frequency  cut-off  variations. 
In  this  configuration  four  XICOR  pots  are  used  to  set  the  cut-off  fSter  frequency.  The  four  pots  on 
the  board  share  the  up/down  and  increment  lines  found  on  the  main  board.  A  single  chip  select 
line  is  used  for  all  of  the  XICOR  pots  on  this  board.  The  board  has  been  developed  as  a  daughter 
board,  and  because  of  this,  all  signals  pro\^ed  through  connector  CO  on  the  mixer  audio  board. 
Note  that  5V,  -12V,  ■»-l2V  and  ground  are  also  provided  through  this  connector.  Because  of  the 
mechanical  features  of  this  board,  and  because  of  its  mounting  position  on  the  audio  mixer  board, 
care  must  be  taken  when  rrKXjnting  or  unmounting  these  components.  See  Apperxlix  E  for 
schematics,  board  layouts  and  other  information  on  the  FLT-U2  Universal  Filter  Building  Block. 

The  final  board  in  the  system  is  the  6255  New  Micros  dual  ACIA  board.  This  board 
consisting  of  a  Rockwell  6552  dual  AQA  that  provides  two  8  bit  serial  ports  memory  mapped  under 
full  corrtrol  of  the  microprocessor  to  the  AOI-II.  Only  a  single  port  on  this  board  is  used  to 
communicate  between  the  AOI  and  the  RP.  For  a  description  of  the  protocols  used,  see  the 
module  ACIACOM  in  the  source  code  in  Appendix  H  on  the  software.  Detailed  information  on  the 
65C52  dual  ACIA  is  provided  in  Appendix  C. 
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Appendix  A  -  data  sheets  74LS688 


(g) 


SNS4/74LS682 

SN54/74LS684 

SN54/74LS688 


DESCmmON  —  Ths  SN54LS/74LS682.  684.  688  are  8-bit  magni¬ 
tude  comparators.  These  device  Ivpas  are  designed  to  perform 
comparisons  between  two  eight-bit  binary  or  BCD  words.  All 
device  types  provide  ^  =  Q  outputs  and  the  LS682  and  LS684  have 
P>Q  outputs  also. 

The  LS682.  LS684  and  LS688  are  totem  pole  devices.  The  LS682 
hes  e  20  U)  pullup  resistor  on  the  Q  inputs  for  analog  or  switch 
data. 


8-BIT  MAGNITUDE 
COMPARATORS 

LOW  POWEM  SCHOTTKV 


FUNCTION  TA8U 


FAST  AND  LS  TTL  DATA 


5-319 


SNS4/74LS682  •  SN54/74LS684  •  SNS4/74I.$688 


QUARANTCED  OKRATIMO  flAMOCS 


PARAMETER 


Supply  Voltage 


Operating  Ambient  Temperature  Rar>ge 


Iqh  I  Output  Current  High 


Iql  Output  Current  —  Low 


DC  CHARACrCfUtnCS  OVER  ORERAT1MO  TEMMRATURff  RANGE  lunteas  otherwise  specified) 


TEST  CONOmON^ 


Guaranteed  Input  HIGH  Voltage  lor 
All  Inputs 


Guaranteed  Input  LOW  Voltage  tor 
All  Inputs 


vcc  “  Min.  I(n  “  ”"^8 


Vcc  =  M'N.  IQH  =  MAX.  V|N  =  V,h 
or  Vic  par  TruW  Table 
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SN54/74LS682  •  SN54/74LSeM  •  SN54/74LSan 


LOGIC  DtAQRAMS 


8MB41S/7«U« 


FAST  AND  LS  TTL  DATA 


SN54/74LS«a2  •  SN54/74LS6S4  •  SN54/74LS688 


AC  CMARACTCmtncS:  Ta  =  25°C 


SNB4LS/74LSe82 


SYMBOL 

1 - - 

PARAMETER  | 

1  MIN 

LIMITS 

I  TYP  1  MAX 

1  UNITS  !  TEST  CONDITIONS 

<PHL 

Propagation  Oelav.  P  to  P  =  Q 

13 

15 

25 

25 

! 

VHL 

1  Propsgmion  0«lav,  Q  to  P  =  Q 

i 

!  14  1  25 

15  1  25 

1  ftS  1  =  5  0  V 

<PLH 

I»»HL 

Propagation  Oaiay.  P  to  P  >  Q 

20  1 
15  1 

1  30 

1  30 

ns  1  Rl  =  667  0 

tpix 

tPHL 

Propagation  Oaiay.  Q  to  P  >  Q 

21 

19 

30 

30 

i  ns  i 

SNB4LS/74LS6a4 


SYMBOL 

PARAMETER 

1 

1  MIN 

LIMITS  ! 

TVP  1  MAX  ! 

UNITS  j  TEST  CONDITIONS 

IPLH 

tPHL 

Propagation  Oalav.  P  to  P  =  Q 

15  1 

'7  i 

25 

25 

Vcc  =  5  0  V 

Cl  =  45  pF 
flL=  667  0 

tPLH 

IPHL  1 

Propagation  Oalav.  Q  to  P  -  Q  ! 

16  1 
15 

25 

25 

1  ns 

IPLH 

tPHL 

Propagation  Oaiay.  P  to  P  >  Q 

22  1 
17  i 

30 

30 

ns 

tpLH 

tPHL 

Propagation  Oaiay.  Q  to  P  >  Q 

24 

20 

30 

30 

ns 

SNS4L8/74LSaa8 


SYMBOL 

1 

PARAMETER 

f  limits  _ . .  i 

*  TEST  CONDITIONS 

MIN 

TYP 

•IPLH 

tPML 

Propagation  Oaiay.  P  to  P  =  Q 

12 

17 

Vcc  =  SOV 

Cl  =  45  pF 

Rl  =  667  0 

IPLH 

tPHL 

Propagation  Oaiay.  Q  to  P  «  0 

1  ^2 

1 

18  "  i 

23  !  "* 

IPLH 

tPHL 

Propagation  Delay.  G.  G1  to  P  -  Q 

12  1 
13  ! 

FAST  AND  LS  TTL  DATA 


5-322 


Appendix  A  -  AY-8930 


Microchip 


AY8930 


Enhanced  Programmable  Sound  Generator 


FEATURES 

■  Two  Modes  Available  On-Chip 

—  AY8930  Expanded  Mode 

—  AY-3-891  OA-Compatible  Mode 

■  Improved  Frequency  Range 

■  Three  Independently  Programmable  Analog  Output 
Channels  with  Separate  Frequency,  Duty  Cycle 
and  Envelope  Controls  for  Each  Channel 

■  5  Bits  of  Logarithmic  Oigital-to-Analog  Conversion 
Per  Channel 

■  Bus  Interface  Independent  of  Clock  Frequency 
a  Input  Clock  Frequertcy  :  2  or  4MHz 

a  Two  8-Bit  General  Purpose  I/O  Ports 

DESCRIPTION 

The  A^^oao  Enhanced  Programmable  Sound  Gener¬ 
ator  (EPSQ)  is  an  LSI  circuit  that  can  produce  a  wide 
variety  of  complex  sounds  under  software  control. 

The  AY8930  is  manufactured  in  the  Microchip  Tech¬ 
nology  Inc.  n-channel  sHioon  gate  process.  The 
AY8830  is  an  anhanoad  version  of  the  company's 
industry  standard  AY-3-8910A  -  .nd  generator. 
Enhanced  features  include  'mprcved  frequency  range 
and  noise  synthesis  and  indepsndent  control  of  each 
channel's  envelope  and  duty  cyde. 

The  PSQ  is  easily  intartaced  to  any  bus-oriented 
system.  Its  flexibility  makes  it  useful  in  applications 
such  as  music  synttiesis,  sound  effects  generation, 
audible  alarms,  tone  signalling,  and  home  computer 
usage.  In  order  to  generate  sound  effects  while 
allowing  the  processor  to  perform  other  tasks,  the 
PSG  can  continue  to  produce  sound  after  the  initial 
commands  have  been  given  by  the  control  proces¬ 
sor.  The  fact  that  realistic  sound  production  often 
involves  mon  than  one  effect  is  satisfied  by  the 
three  independently  controllable  analog  sound  output 
chartneis  available  in  the  device.  These  analog 
sound  output  channels  can  each  provide  five  bits  of 
logarithmic  digital-to-analog  conversion,  greatly 
enhancing  the  dynamic  range  of  the  sounds 
producad. 


PIN  CONFIGURATION 


AY8930 

40  LEAD  DUAL  IN  UNE 


Top  View 


Vss  (QROUNO)  C 

40 

3Vcc(*5V) 

NO  CONNECT  C 

2 

39 

3  NO  CONNECT 

ANALOG  CHANNEL  B  C 

3 

3S 

3  ANALOG  CHANNEL  C 

ANALOG  CHANNEL  A  C 

4 

37 

3  DAS 

noconnectC 

s 

36 

3  0A1 

iobtC 

e 

35 

3DA2 

OBeC 

7 

34 

3DA3 

loesc 

S 

33 

30A4 

I084C 

e 

32 

3  DAS 

loasc 

»o 

31 

30A6 

I0B2C 

11 

30 

3  DAT 

1061 C 

12 

a 

3BC1 

lOBSC 

13 

a 

3  BC2  (NOT  CONNECTED) 

lOATC 

14 

27 

jBom 

lOASC 

IS 

a 

3  SELECT 

lOASC 

ie 

a 

3Aa  ^ 

IOA4C 

17 

24 

330  ^  * 

IOA3C 

IS 

a 

3  RESET 

IOA2C 

19 

a 

3CL0aC" 

lOAlC 

a 

21 

3  lOAS 

All  circuit  control  signals  are  digital  in  nature  and  can 
be  provided  directly  by  a  microprocassor/microcom- 
puter.  Therefore,  one  PSQ  can  produce  the  full 
range  of  required  sounds  with  no  change  in  external 
circuitry.  Since  the  frequency  response  of  the  PSG 
ranges  from  sub-audible  at  its  lowest  frequency  to 
post-au(tible  at  its  highest  frequency,  there  are  few 
sounds  which  are  beyond  reproduction  with  only  the 
simplest  electrical  connections. 


PRELIMINARY  INFORMATION 


e  1988  Mtaroohip  Technology  me.  08800106-1 


DEVICE  ARCHITECTURE 


The  AY8930  is  a  register  oriented  PSG.  Communica¬ 
tion  between  the  microprocessor  and  the  PSG  is 
based  on  the  concept  of  memory  mapped  I/O.  Con¬ 
trol  commands  are  issued  to  the  PSG  by  writing  to 
these  memory  mapped  registers.  Each  of  the  regis¬ 
ters  within  the  PSG  is  readable  so  that  the  micropro¬ 
cessor  can  determine,  as  necessary,  present  states 
or  stored  data  values. 

REGISTER  ARRAY 

The  principal  element  of  the  AY8930  is  an  array  of 
27  control  registers  arranged  in  one  bank  of  16  and 
one  bank  of  1 1  registers.  These  registers  occupy  16 
address  locations  of  the  1,024-word  memory  space 
in  which  the  PSG  resides. 

The  configuration  of  this  register  array  is  shown  on 
the  following  pages.  Note  the  two  rrwdes  of  opera¬ 
tion:  8910A-compatib«lity  mode  and  8930  expanded 
mode. 


The  registers  are  addressed  via  the  combination  of 
the  bidirectional  d^bus  (OAO-OA7)  and  address 
input  pins  A8  and  A9. 


OAO-OA3  These  four  low-order  address  bits  are 
used  to  select  one  of  the  internal  reg¬ 
isters  within  a  bank. 


0A4-0A7,  These  six  high-order  address  bits 
A8,  A9  function  as  chip  selects  and  are  used 
to  position  the  register  bank(s)  within 
the  1,024-word  memory  apace.  In  the 
deselected  state,  the  data  bus  is  in 
the  high  impedance  state. 

The  address  enable  code  for  bits 
OA4-OA7  is  all  zeros. 

Inputs  A8  and  M  are  enabM  by  a 
high  on  A8  and  a  low  on  A9;  all  other 

input  level  combinations  result  in  a _ 

deselected  condition.  Pins  A8  and  A9 
have  an  on-chip  pull-up  arxj  pull-down 
resistor,  respectively,  and  will  assume 
the  correct  logic  level  if  left 
unconnected. 


Address  bits  DA7-OAO  are  latched  internally.  This 
internally  latched  address  is  updated  and  modified  on 
every  "latch  address "  signal  presented  to  the  PSG 
via  the  BDIR  and  BCI  control  lines. 

The  AY8930  initializes  in  the  AY-3-891  OA-compatibil- 
ity  mode.  To  utilize  the  expanded  features  of  the 
AY8930.  an  access  code  must  be  input  to  register 
R15  upon  program  initialization. 

Entering  a  "101”  code  in  bits  B7-B5  of  register  R15 
selects  the  8930  expanded  mode.  In  the  8930 
Expanded  mode,  bit  B4»0  (R15)  selects  BANK  A 
and  B4  » 1  selects  BANK  B  All  other  bit  selections 
are  defined  as  8910A-compatibility  mode.  Registers 
R15A  and  R15B  are  mapped  into  the  same  physical 
register. 

Switching  modes  causes  loss  of  all  register  data  from 
the  previous  mode.  All  registers  will  be  initialized 
except  for  the  Mode  Select  code  of  Rl  5. 

Shown  on  the  next  page  is  the  register  configuration 
for  the  AY8930.  Note  that  Bank  A  of  the  expanded 
mode  is  virtually  identical  to  the  single  register  array 
of  the  89l0A-compatibility  mode. 
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AY8930  REGISTER  ARRAY:  AY-3-891  OA-COMPATIBILiTY  MODE 


BIT 

REGISTER 

RO 

Channel  A 

Rl 

Tone  Period 

R2 

Channel  B 

R3 

Tone  Period 

R4 

Channel  C 

R5 

Tone  Period 

R6 

Noise  Period 

natm 


R10  Channel  A  Amplitude 


Channel  B  Amplitude 


R12  I  Channel  C  Amplitude 


R14  Envelope  Period 


Rl  5  ,  Envelope  Shape/Cycle 


R16  I/O  Port  A 


R17  I/O  Ports 


IN/OUT 


8-Bit  Fine  Tune 


4-Bit  Coarse  Tune 


8-Bit  Fine  Tune 


4-Bit  Coarse  Tune 


8-Bit  Fine  Tune 


4-Bit  Coarse  Tune 


5-Bit  Period  Control 


TONE 


NOISE 


B 


M 


M 


M 


8-Bit  Fine  Tune 


8-Bit  Coarse  Tune 


MODE  SELECT 


8-Bit  Parallel  I/O  on  Port  A 


8-Bit  Parallel  I/O  on  Port  B 


L3 

L2 

LI 

LO 

L3 

L2 

L1 

LO 

L3 

L2 

LI 

LO 
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AY8930  REGISTER  ARRAY:  EXPANDED  CAPABILITY  MODE  —  BANK  A 


■ - — _  BIT 


REGISTER 


Channel  A 
Tone  Period 


Channel  B 
Tone  Period 


Channel  C 
Tone  Period 


Noise  Period 


Enable 


RlOA  Channel  A  Amplitude 


R1 1 A  I  Channel  8  Amplitude 


R12A I  Channel  C  Amplitude 


R13A  Channel  A 
R14A  Envelope  Period 


R15A  I  Bank  A/B;  Envelope  A 


R16A  I/O  Port  A 


R17A  I/O  Port  B 


8-Bit  Fine  Tune 


8-Bit  Coarse  Tune 


8-Bit  Fine  Tune 


8-Bit  Coarse  Tune 


8-Bit  Fine  Tune 


8-Bit  Coarse  Tune 


8-Bit  Noise  Period 


NOISE 


TONE 

C 

B 

L2 

L1 

L2 

LI 

L2 

LI 

8-Bit  Fine  Tune 


8-Bit  Coarse  Tune 


CONT. 


8-Bit  Parallel  I/O  on  Port  A 


8-Bit  Parallel  I/O  on  Port  B 


HOLD 


AY8930  REGISTER  ARRAY:  EXPANDED  CAPABILITY  MODE  —  BANK  B 


- - — BIT 


Channel  B 
Envelope  Period 


Channel  C 
Envelope  Period 


Envelope  Shape/Cycle  B 


Envelope  Shape/Cycle  C 


Channel  A  Duty  Cycle 


Channel  B  Duty  Cycle 


R106  Channel  C  Duty  Cycle 


R11B I  Noise" And"  Mask 


R12B  Noise  "OR”  Mask 


R13B* 


fl14B* 


R15B  Bank  A/B;  Envelope  A 


R168* 


R17B*  TEST 


'Not  accessible  m  AY8930  mode. 


8-Bit  Fine  Tune 


8-Bit  Coarse  Tune 


8-Bit  Fine  Tune 


8-Bit  Coarse  Tune 


CONT,  ATT. 


CONT.  ATT. 


4  Bit 


4  Bit 


4  Bit 


8  Bit 


8  Bit 


ALT.  HOLD 


ALT.  HOLD 


1  CONT.  ATT.  ALT.  HOLD 


NOT  TO  BE  ACCESSED  BY  THE  USER 


NOTE:  All  unused  bits  will  be  read  back  as  0. 


SOUND  GENERATING  BLOCKS 


The  basic  blocks  in  the  PSG  that  produce  the  prc  • 
grammed  sounds  include: 


Tone  —  Produce  the  basic  pulse  tone  tree  en- 
Generators  cies  for  each  channel  (A,  B.  C). 

Noise  —  Produces  a  frequency  modulated 
Generator  pseudorandom  noise  output. 

Mixers  —  Combine  the  outputs  of  the  tone  ran- 
erators  and  the  noise  generator  ie 
for  each  channel  (A,  B.  C). 


Amplitude  —  Provides  the  0/A  converters  with 
Control  either  a  fixed  or  vanable  amplituoe 
pattern.  The  fixed  amplitude  is  under 
direct  CPU  control;  the  vanable  ampli¬ 
tude  is  accomplished  by  using  the 
output  of  the  envelope  generators, 
one  for  each  channel  (A.  B.  C). 

Envelope  —  Produce  an  envelope  pattern  that  can 
Generators  be  used  to  amplitude  modulate  the 
output  of  the  mixer,  one  for  each 
channel  (A.  B,  C). 


OPERATION 

REGISTERS* 

FUNCTION 

Tone  Generator 
Control 

R0-R5A 

Program  tone 
penods. 

Duty  Cycle 
Control 

R6-R10B 

Select  duty  cycle. 

Noise  Generator 
Control 

R6A. 

R11-12B 

Program  noise 
penod. 

Mixer  Control 

R7A 

Enable  tone,  noise 
on  selected 
channels. 

Amplitude 

Control 

R10-R12A 

Select  fixed"  or 

"variable" 

amplitudes. 

Envelope 

Generator 

Control 

R13-R15A, 

R0-R5B 

Program  envelope 
penod  and 
envelope  pattern 

D/A  Converters 

— 

Produces  a  32-bit 
output  signal. 

*AII  registers  referenced  are  for  the  AY8930 
Expanded  Mode,  except  as  noted. 

TONE  GENERATOR  CONTROL 


D/A  —  The  three  D/A  converters  each  pro- 
Converters  duce  up  to  a  32-level  output  signal  as 
determined  by  the  amplitude  control. 

Since  all  functions  of  the  PSG  are  controlled  by  a 
host  processor  via  a  series  of  register  loads,  a 
detailed  description  of  the  PSG  operation  can  best 
be  accomplished  by  relating  each  PSG  function  to  its 
corresponding  register.  The  function  of  creating  or 
programming  a  specific  sound  or  sound  effect  logi¬ 
cally  follows  the  control  sequence  listed; 


Each  analog  output  channel  has  associated  with  it 
two  registers  which  specify  the  tone  penod  for  that 
channel,  the  coarse  tune  and  the  fine  tune  registers 
The  tone  period  for  each  channel  is  obtained  by 
combining  the  coarse  and  fine  tune  registers  as 
shown. 

Note  that  the  value  programmed  in  the  combined 
coarse  and  fine  tune  registers  is  a  period  value  — 
the  higher  the  value  in  the  registers,  the  lower  the 
resultant  frequency. 


CHANNEL 

RNE  TUNE 
REGISTER 

A 

ROA 

B 

R2A 

C 

R4A 
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12-BIT  TONE  PERIOD  (TP)  VALUE: 
AY-3-891  OA-COMPATIBILITY  MODE 


Coara*  Tun* 


Fin*  Tun* 


16-BIT  TONE  PERIOD  (TP)  VALUE: 
AY8930  EXPANDED  MODE 


Coara*  Tun* 


Fin*  Tun* 


NOTE; 

If  the  coarse  and  fine  tune  registers  are  both  set  to 
OOOg,  the  resulting  period  will  be  minimum,  i.e.  the 
generated  tone  period  will  be  as  if  the  coarse  tune 
register  was  set  to  OOO3  and  the  fine  tune  register 
was  set  to  0018-  The  counter  will  count  the  period 
value  down  to  zero.  When  zero  is  reached,  the 
period  value  will  be  reloaded  into  the  counter. 


DUTY  CYCLE  CONTROL 

The  duty  cycle  of  each  pulse  generated  by  the  three 
tone  generators  is  controlted  by  an  associated  4-bit 
duty  cycle  register  (R66,  R7B,  and  R10B). 


The  following  duty  cycles  are  selectable: 


% 

DUTY  CYCLE 

DUTY  CYCLE 

REGISTER 

VALUE 

3.125% 

0 

0000 

6.25  % 

1 

0001 

12.50  % 

2 

0010 

25.00  % 

3 

0011 

50.00  % 

4 

0100 

75.00  % 

5 

0101 

87.50  % 

6 

0110 

93.75  % 

7 

0111 

96.875% 

8* 

1111 

’NOTE:  Any  value  greater  than  810  decodes  as  an  Siq. 


NOTE; 

The  percent  duty  cycles  refers  to  the  high  (logic  high) 
portion  of  the  duty  cycle.  The  low  portion  is  then  1 00 
percent  duty  cycle.  A  10%  duty  cycle  is  then  10%  up 
and  90%  down,  as  shown  below. 


110%  90% 

ONE  CYCLE 


In  89lOA-compatibility  mode,  the  duty  cycle  is  fixed 
at  50%.  The  capability  for  a  variable  duty  cycle  exists 
only  In  the  expanded  AY8930  mode. 

In  order  to  change  a  duty  cycle,  the  appropriate  duty 
cycle  register  must  be  updated.  The  new  duty  cycle 
will  then  remain  constant  at  this  value  until  the  duty 
cycle  register  is  modified.  The  new  duty  cycle  value 
will  take  effect  immediately.  This  may  result  in  one 
pehod  with  a  "random  ”  duty  cycle  at  the  time  the 
register  is  updated. 


NOISE  GENERATOR  CONTROL 
AY-3-891  OA-Coiinpatlbility  Mode: 

Noise  is  generated  by  a  17-bit  polynomial  shift  regis¬ 
ter.  The  period  of  the  clock  to  this  shift  register  is 
specified  by  the  8-bit  binary  value  NR 

TTie  noise  period  value  is  derived  from  the  lower  five 
bits  (B4-B0)  of  the  noise  period  register  (R6)  as 
shown. 


Noise  Period  n*gltt*f  (R6) 


1  ^  1 

1  ^  1 

1  ^  1 

B2 

1  1 

1  ^  1 

/  /  not  used  /  / 

NP 

NP 

NP 

NP 

NP 

4 

3 

2 

1 

0 

5  BIT  NOtSC  PCRIOO  (NP)  VALUE 


NOTE; 

As  with  the  ton*  period,  the  lowest  period  value  is 
00001  (divide  by  1).  an  entry  of  00000  will  have  the 
same  value  as  00001 ;  the  highest  period  value  is 
11111  r  WidebySlio). 
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AY-3-891  OA-COMPATIBILITY  MODE 
NOISE  BLOCK  DIAGRAM  (Figure  1) 


AY8930  Expanded  Mode: 

In  the  AY8930  expanded  nwde,  noise  is  generated 
using  a  1 7-bit  polynomial  shift  register,  an  "AND" 
mask,  an  “OR”  mask,  and  an  8-bit  noise  period 
value.  The  least  significant  byte  of  the  polynomial 
shift  register  is  logically  ANO'ed  with  the  "ANO" 
mask  specified  in  Register  itB,  then  logically  OR'ed 
with  the  “OR”  mask  specified  in  Register  12B.  The 


result  is  stored  in  a  temporary  register  which  is 
clocked  each  time  the  counter  associated  with  the  8- 
bit  noise  period  register  (R6A)  reaches  zero.  When 
the  noise  value  reaches  zero,  a  new  value  is  fetched 
from  the  polynomial  shift  register  and  the  process  is 
repeated.  The  noise  output  is  toggled  each  time  the 
noise  value  reaches  zero. 


AY8930  EXPANDED  MODE 
NOISE  BLOCK  DIAGRAM  (Figure  2) 


mggi 


TO  MIXER 


NOISE  PERIOD  REGISTER, 

I  WHEN  I 
NOISE 
PERIOD  =  0 


NOISE  VALUE 


>  LOAD  WHEN 
NOISE  VALUE  =  0 


OR  MASK 


ANO  MASK 


SHIFT  ENABLE 

B16 - B9  B8  B7  B6  B5  B4  B3  B2  B1  BO  I  ENABLE  WHEN 

NOISE  VALUE  -  0 


RIGHT  SHIFT 

^—-11  \ 

fit 
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MIXER  CONTROL  —  10  ENABLE 


AMPLITUDE  CONTROL 


Register  7A  is  a  multi-function  Enable  register  which 
controls  the  three  Noise/Tone  Mixers  and  the  two 
general  purpose  I/O  Ports.  The  mixers  as  previously 
described,  combine  the  noise  and  tone  frequencies 
for  each  of  the  three  channels.  The  determination  of 
combining  neither/either/both  noise  and  tone  fre¬ 
quencies  on  each  channel  is  made  by  the  state  of 
bits  B5-B0  of  R7A. 

The  direction  (input  or  output)  of  the  two  general  pur¬ 
pose  I/O  Ports  (lOA  and  lOB)  is  determined  by  the 
state  of  bits  B7  and  B6  of  R7A. 

These  functions  are  illustrated  in  the  following;  AY*3*8910A*Compatibility  Mode: 


The  amplitudes  of  the  signals  generated  by  each  of 
the  three  D/A  converters  (one  each  for  channels  A, 
B,  and  C)  are  determined  by  the  contents  of  the 
amplitude  control  registers  as  illustrated  in  the 
following; 


Notoe  Enabto  Truth  Table  Tone  Enable  Truth  Table 


The  direction  of  the  I/O  Port(s)  is  determined  as 
follows: 

I/O  Port  Truth  Table 


RTABNs 

I/O  Oiieetlon 

B7  BE 

KW 

lOA 

0 

0 

In 

In 

0 

1 

In 

Out 

1 

0 

Out 

In 

1 

1 

Out 

Out 

Note:  The  Mixer  —  I/O  Control  function  is  identical  in 
both  modes  of  operation. 


AY8930  Expanded  Mode: 


Amplitude  5-bit  "Rxad" 

Mode "  Amplitude  Level 

The  amplitude  "mode”  (bit  M)  selects  either  fixed 
level  amplitude  (M-0)  or  variable  level  amplitude 
(M- 1).  It  follows  that  bits  L4-L0.  defining  the  value 
of  a  "fixed”  level  amplitude,  are  only  active  when 
M  =  0.  The  amplitude  is  only  "  fixed""  in  the  sense  that 
the  amplitude  level  is  under  the  direct  control  of  the 
system  processor  via  an  address  latch/whte  data 
sequence. 

When  ""variable  amplitude"'  is  selected  (M>  l),  the 
amplitude  of  each  channel  is  determined  by  the 
envelope  pattern  as  defined  by  the  envelofto  genera¬ 
tors  5-bit  output  (E4-E0).  The  amplitude  "mode"  bit 
(bit  M)  can  also  be  thought  of  as  an  envelope  enable 
bit,  i.e.  when  M  - 1 ,  the  envelope  is  enabled. 


osaootoB-a 


AMPLITUDE  CONTROL  (continued) 

The  following  is  a  chart  describing  all  combinations 
of  the  6-bit  Amplitude  Control. 

M  L4  L3  L2  LI  LO 

0  0  0  0  0  0*  The  amplitude  is  fixed  at  1  of 

0  0  0  0  0  1*  31  levels  as  determined  by 

.  L4,  L3.  L2,  LI.  LO. 


Note  that  the  value  programmed  in  the  combined 
coarse  and  fine  tune  registers  is  a  penod  value  — 
the  higher  the  value  in  the  registers,  the  lower  the 
resultant  frequency. 

Note  also,  that  as  the  tone  pehod.  the  lowest  period 
values  is  00000 13  (divided  by  1);  the  highest  period 
value  is  1777770  (divided  by  65,535io). 


011111 

The  amplitude  is  vanable  at 
1  X  X  X  X  X  31  levels  as  determined  by 
the  output  of  the  Envelope 
(X  =  Don  t  Care)  Generator. 

*These  codes  are  used  to  turn  a  channel  “off. " 

NOTE: 

In  the  AY-3-891  OA-compatibility  mode,  the  externally 
driven  “fixed "  amplitude  is  limited  to  a  total  of  16 
possible  levels  determined  by  amplitude  bits  L4-L1 . 


Envelope  Shape  Cycle  Control 

The  envelope  generator  further  counts  down  the 
envelope  frequency  by  32.  producing  a  32-state  per 
cycle  envelope  pattern  defined  by  its  5-bit  counter 
output,  E4,  E3,  E2.  El .  and  EO.  The  particular  shape 
and  cycle  pattern  of  any  desired  envelope  is  accom¬ 
plished  by  controlling  the  count  pattern  (count  up/ 
count  down)  of  the  5-bit  counter  and  by  defining  a 
single  cycle  or  repeat-cycle  pattern. 


ENVELOPE  GENERATOR  CONTROL 
Envelope  Period  Control 


Loading  of  the  envelope  shape/cycle  control  register 
will  reset  the  associated  counter  to  the  appropriate 
initial  state  and  reset  the  envelope  penod  counter  for 
that  channel. 


The  period  of  the  sound  envelope,  in  the  8910A- 
compatibility  mode,  is  controlled  by  two  8-bit  regis¬ 
ters.  R13  and  R14  (the  envelope  fine  and  coarse 
tune,  respectively).  In  the  8930  expanded  mode, 
each  analog  output  channel  has  its  own  independent 
sound  envelope.  Changes  to  the  envelope  penod 
counter  will  occur  at  envelope  period  boundary  or 
when  envelope  shape/cycle  register  is  loaded. 


COARSE  TUNE 
REGISTER 

CHANNEL 

FINE  TUNE 
REGISTER 

R14A 

A 

R136 

R  IB 

B 

R  OB 

R  3B 

C 

R  2B 

The  envelope  $hape/cycie  control  is  contained  m  the 
lower  4  bits  (B3-fl0)  of  the  respective  envelope  con¬ 
trol  registers.  Each  of  these  4  bits  controls  a  function 
in  the  envelope  generator,  as  illustrated  in  the 
following: 


Envelope  Shape/Cycle 
Control  Register 


B7 

B6 

B5 

B4 

B3 

B2 

B1 

/////NOT  USED///// 

(Mode  Select  Bits) 


80 


i-HoW 

—  Alternate 

—  Attack 

—  Continue 


16-BIT  ENVELOPE  PERIOD  TO 
ENVELOPE  GENERATOR 


mm 

m 

m 

(3 

V 


m 

m 

m 

m 

El 

(31 

m 

3 

EP 

EP 

EP 

EP 

EP 

EP 

EP 

EP 

EP 

9 

EP 

m 

13 

12 

11 

10 

9 

8 

B 

6 

5 

B 

3 

E 

1 

M 

The  definition  of  each  function  is  as  follows: 

Hold  —  when  set  to  logic  “1".  limits  the  envelope  to 
one  cycle,  holding  the  last  count  of  the  envelope 
counter  (E3 — EO  »  0000  or  1 1 1 1 .  depending  on 
whether  the  envelope  counter  was  in  a  count-down 
or  count-up  mode,  respectively). 
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AIttmat*  —  when  set  to  logic  1 ",  the  envelope 
counter  reverses  count  direction  (up-down)  after 
each  cycle. 

NOTE:  When  both  the  hold  bit  and  the  alternate  bit 
are  ones,  the  envelope  counter  is  reset  to  its 
initial  count  before  holding. 

Attack  —  when  set  to  logic  "1 ",  the  envelope 
counter  wilt  count  up  (attack)  from  E3  E2  E1 
EO  =  0000  to  E3  E2  E1  EO  =  1 11 1 ;  when  set  to  logic 
"0”.  the  envelope  counter  will  count  down  (decay) 
from  1111  to  0000. 


Continue  —  when  set  to  logic  "l  ".  the  cycle  pattern 
will  be  as  defined  by  the  hold  bit;  when  set  to  logic 
O  ’,  the  envelope  generator  will  reset  to  0000  after 
one  cycle  and  hold  at  that  count. 

Further  descnption  of  the  above  functions  could  be 
accomplished  by  numerous  charts  of  the  binary 
count  seguence  of  E3  E2  El  EO  for  each  combina¬ 
tion  of  hold,  alternate,  attack  and  continue.  However, 
since  these  outputs  are  used  (when  selected  by  the 
amplitude  control  registers)  to  amplitude  modulate 
the  output  of  the  mixers,  a  better  understanding  of 
their  effect  can  be  accomplished  via  a  graphic  repre¬ 
sentation  of  their  value  for  each  condition  selected, 
as  illustrated  in  Figs.  3  and  4. 


ENVELOPE  SHAPE  CYCLE  CONTROL  (Figure  3) 
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DETAIL  OF  TWO  CYCLES  OF  Fig.  3  —  AY-3-891  OA  MODE  (Figure  4) 
(ref.  waveform  *1010”  in  Fig.  3) 


DIGITAL  TO  ANALOG  CONVERTER 


The  Digital  to  Analog  conversion  is  performed  in  log¬ 
arithmic  steps  with  a  normalized  voltage  range  of  OV 
to  1  .OV.  The  specified  amplitude  of  each  converter  is 
controlled  by  a  5-bit  word  from  either  the  amplitude 
control  register*  or  the  envelope  generator.  The  sig¬ 


D/A  CONVERTER  OUTPUT  (Figure  5) 


nal  of  the  output  is  the  Noise/Tone  specified  for  that 
channel. 

‘Except  in  the  891  OA-compatibility  mode,  which  only 
allows  for  4  bits  of  external  amplitude  control. 


S  .420 


^14 

16*^12 


-  ■■■  ENVELOPE  PERIOD  (l/fe) - H 

This  figure  illustrates  the  D/A  converter  output  which  envelope  controlled  variable  amplitude  were 
would  result  if  noise  and  tones  were  disabled  and  an  selected. 


NOTE:  The  RESET  condition  is  zero  current. 
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I/O  PORT  DATA  STORE 

Registers  R16A  artd  R17A  function  as  intermediate 
data  storage  registers  between  the  PSG/CPU  data 
bus  (DAO-OA7)  and  the  two  I/O  ports  (IOAO-IOA7, 
I060-I067).  Both  I/O  ports  are  available  on  the 
AY8930. 

Using  registers  R16A  and  R17A  for  the  transfer  of 
I/O  data  has  no  effect  at  all  on  sound  generation. 

To  output  data  from  the  CPU  Bus  to  a  peripheral 
device  connected  to  I/O  port  A: 

1.  Address  the  enable  register  (R7A). 

2.  Set  the  port  A  direction  bit  to  output  (write  "l"  to 
bit  B6  of  R7A). 

3.  Address  the  I/O  port  A  register  (R16A). 

4.  Write  data  to  I/O  port  A  register.  The  data  will 
pass  through  the  PSG  I/O  port  A  register  to  the 
I/O  port  bus. 

To  input  data  from  I/O  port  A  to  the  CPU  bus; 

1 .  Address  the  enable  register  (R7A). 

2.  Set  the  port  A  direction  bit  to  input  (write  a  “0"  to 
bit  B6  of  R7A). 

3.  Address  the  I/O  port  A  register  (R16A).  The  con¬ 
tents  of  the  port  register  will  follow  the  signals 
applied  to  the  I/O  port. 

4.  Read  data  from  I/O  port  A  register.  The  data  will 
be  transferred  from  the  PSG  I/O  port  A  register  to 
the  CPU  bus  as  in  a  normal  read  operation. 

If  a  logic  1  has  been  written  to  any  bit  position  of 
register  R16A  or  register  R17A  and  the  correspond¬ 
ing  10  pins  of  port  A  or  port  B  are  externally  pulled 
below  the  logic  0,  (V||J  level,  a  subsequent  CPU 
read  instruction  of  registers  R16A  or  R17A  will  actu¬ 
ally  contain  a  logic  0  in  the  pulled  down  bit  positions. 
The  output  pins  will  return  to  logic  l  if  the  pull  down 
condition  is  removed. 

If  a  logic  0  has  been  written  to  any  bit  position  of  the 
I/O  registers  and  the  external  world  wishes  to  pull 
these  pins  to  a  1 ,  the  user  should  be  aware  that  an 
impedatKe  conflict  will  exist  between  the  pull  down 
trartsistor  and  the  external  driver. 

CLOCK  DIVIDE  —  SELECT 


Select  =  1  Input  Clock  =  2MH2  max. 

The  select  pin  is  provided  with  an  internal  pull-up 
resistor  such  that  the  pin  default  condition  is 
Select  *  1. 

INPUT  CONTROL  SIGNALS 

Interfacing  to  the  AY8930  requires  the  generation  of 
only  two  of  the  three  AY-3-89 10A  input  control  sig¬ 
nals,  BOIR  arrd  BC1 .  BC2  is  shown  on  the  pinout 
diagram  for  reference  only;  the  pin  is  not  internally 
connected. 


The  input  control  signals  for  the  AY8930  are  as 
follows; 


BOIR 

BC1 

FUNCTION 

DESCRIPTION 

0 

0 

INACTIVE 

INACTIVE.  The  PSG  CPU 
bus  is  inactive.  DA7-OAO 
are  in  a  high  impedance 
state. 

0 

1 

READ 

FROM 

PSG 

READ  FROM  PSG.  This 
signal  causes  the 
contents  of  the  register 
which  is  currently 
addressed  to  appear  on 
the  PSG/CPU  bus. 
DA7-OAO  are  in  the 
output  mode. 

1 

0 

WRITE  TO 
PSG 

WRITE  TO  PSG.  This 
signal  indicates  that  the 
bus  contains  register  data 
which  should  be  latched 
into  the  currently 
addressed  register. 
DA7-OAO  are  in  the  input 
mode. 

1 

1 

LATCH 

ADDRESS 

LATCH  ADDRESS.  This 
Signal  indicates  that  the 
bus  contains  a  register 
address  which  should  be 
latched  by  the  PSG. 
DA7-DA0  are  in  the  input 
mode. 

Safact  >  0  Input  Clock  >  4MHz  max. 
(Dividad  internally  by  2) 
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RESET 


After  a  RESET  condition  the  internal  state  of  the 
PSG  will  be  the  following: 


REGISTER 

B7 

B« 

B5 

B4 

B3 

B2 

B1 

BO 

RO/ROA 

0 

0 

0 

0 

0 

0 

0 

0 

R1/R1A 

0 

0 

0 

0 

0 

0 

0 

0 

R2'R2A 

0 

0 

0 

0 

0 

0 

0 

0 

R3/R3A 

0 

0 

0 

0 

0 

0 

0 

0 

R4/R4A 

0 

0 

0 

0 

0 

0 

0 

0 

R5/fl5A 

0 

0 

0 

0 

0 

0 

0 

0 

R6»R6A 

0 

0 

0 

0 

0 

0 

0 

0 

R7/R7A 

0 

0 

0 

0 

0 

0 

0 

0 

R10/R10A 

# 

# 

0 

0 

0 

0 

0 

0 

R11/R11A 

# 

# 

0 

0 

0 

0 

0 

0 

R12/R12A 

# 

# 

0 

0 

0 

0 

0 

0 

R13/R13A 

0 

0 

0 

0 

0 

0 

0 

0 

R14/R14A 

0 

0 

0 

0 

0 

0 

0 

0 

R15/R15A/R15B 

0 

0 

0 

0 

0 

0 

0 

0 

R18/R16A 

0 

0 

0 

0 

0 

0 

0 

0 

R17/R17A 

0 

0 

0 

0 

0 

0 

0 

0 

Roe 

0 

0 

0 

0 

0 

0 

0 

0 

RIB 

0 

0 

0 

0 

0 

0 

0 

0 

R2B 

0 

0 

0 

0 

0 

0 

0 

0 

R3B 

0 

0 

0 

0 

0 

0 

0 

0 

R4B 

# 

# 

# 

# 

X 

X 

X 

X 

RSB 

# 

# 

# 

# 

X 

X 

X 

X 

R6B 

# 

# 

# 

# 

X 

X 

X 

X 

R7B 

# 

# 

# 

# 

X 

X 

X 

X 

R10B 

# 

# 

# 

# 

X 

X 

X 

X 

R11B 

0 

0 

0 

0 

0 

0 

0 

0 

R12B 

X 

X 

X 

X 

X 

X 

X 

X 

R17B 

0 

0 

0 

0 

0 

0 

0 

0 

X  indicates  a  don't  care. 

#  Indicates  that  there  is  no  physical  memory  element 
for  a  bit;  If  read  a  0  will  be  returned. 

All  counter  work  registers  should  be  initialized  to 
zeros. 

The  noise  generator  1 7-bit  shift  register  should  be 
initialized  to  ones. 

The  noise  value  register  should  be  initialized  to 
zeros. 
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ELECTRICAL  SPECIFICATIONS 


Maximum  Ratings* 

Storage  temperature . -55°Cto  +150°C 

Maximum  temperature  under  bias . -i-  t25°C 

Vqq  and  all  other  input/output  voltages 
witti  respect  to  Vss . -0.3V  to  +7.0V 

Standard  Conditions 
Free  air  ambient  operating 

temperature . 0°C  to  +  70°C 

Vdo . +  4.5V  to  +5.5V 

Vss . O  OV  (Ground) 


'Exceeding  these  ratings  could  case  permanent 
damage  to  this  device.  This  is  a  stress  rating  only 
and  functional  operation  of  this  device  at  these  con¬ 
ditions  is  not  implied  —  operating  ranges  are  speci¬ 
fied  in  Standard  Conditions.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may 
affect  device  reliability. 


DC  CHARACTERISTICS 
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ELECTRICAL  SPECIFICATIONS 
(continued) 

AC  CHARACTERISTICS* 


CHARACTERISTICS 

Clock  Input 
Frequency 
Rise/Fall  Time 

Master  Reset 
Seset _ 

Control  Signals 
BC1.  BC2.  BOIR 
Skew 

Valid _ 

Data  Address  Bus 
DA7-OAO,  A8.  A9 

Address  Setup  Time 
Address  Hold  Time 

Read  Mode; 

Data  Setup  Time 
Data  Hold  Time _ 

Write  Mode: 

Data  Setup  Time 
Data  Hold  Time  . 

Input/Output  Port 
IOA7-IOAO.  IOB7-IOBO 

Output  Mode; 

Data  Setup  Time _ 

Input  Mode: 

Data  Setup  Time 
Data  Hold  Time 


*The  address/data  read  cycle  is  latch  aodress  fol* 
lowed  by  an  inactive  state  then  the  read  command. 
The  address/data  write  cycle  would  be  the  same  with 
the  substitution  of  the  write  command  in  place  of  the 
read.  An  inactive  state  is  required  between  each 
cycle  (or  active  command). 
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TIMING  DIAGRAMS 


Read  Mode 


BUS  CONTROL  -  - 

BC1 ,  BOIR  LATCH  ADDRESS  NO  ACTION  READ  FROM  PSG 


<ah 


Ufab*l 


DATA/ADORESS  BUS 


^°NPuf  ^ - OUTPUT 


Write  Mode 


BUS  CONTROL 
BC1,  BOIR 


LATCH  ADDRESS  I  NO  ACTION  WRITE  TO  PSG 


DATA/ADORESS  BUS 


ADDRESS 


U— tds — 

tdh 


HATA  IfUDItr 


Bus  Control  Signals 


BC1.  BOIR 
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TIMING  DIAGRAMS  (continued) 


I/O  Port  Output  Mode:  Write  Data 
From  CPU  Bus  To  1-0  Port* 


I/O  Port  Input  Mode:  Write  Data 
From  I/O  Port  To  CPU  Bus* 


*Assum«  the  diraction  of  th«  I/O  port  has  airMdy 
bMn  dcttimined  via  a  write  to  the  Enable  register 
(R7A). 


OMOOIOS-IS 


R65C22 


Rockwell 


R65C22 

Versatile  interface  Adapter  (VIA) 


DESCRIPTION 

Th«  R0SC22  Vmatil*  Intarfacd  Adapter  (V(A)  ia  a  vary  flaxibta 
UO  cocMrot  davica.  In  addition,  thia  davica  corttaina  a  pair  of  vary 
pawanu  164it  Marval  timars.  a  aariaMoparalM/paratlaHo  aanai 
ahm  raglatar  and  input  data  latcning  on  ttia  paripnaral  porta. 
Expanded  tMndaiiakmg  capability  altowa  control  of  bidiractiortal 
data  tranafara  batwaan  VIA'a  in  muttipla  procaaaor  ayatama. 

Tha  RaSC22  inctudaa  functiona  for  programmad  controt  of  up 
to  MO  paripharal  davicaa  (Porta  A  and  B).  Thaaa  two  program 
controlladBbltbidlfaetlonalpariphatal  I/O  porta  altow  direct  inwr- 
facing  batwaan  ttia  mieroproeaaaor  and  aalactad  pariptiaral 
unita.Eachporthaainputdatalaietiingeapability.Twoprogram- 
mabla  Data  DIractieoHagiatafa  (A  and  B)  allow  aataction  of  data 
diroetion  (input  or  output)  on  an  individual  line  baaia. 

Tha  R66C22  alao  haa  two  programmabla  Intarval 
Timar/Countara  with  Menaa.  Timer  t  maybaoparaiadinaOna' 
Shot  Interrupt  Mode  with  intarrupta  on  aach  count-tO'Zaro.  or 
in  a  Fraa4)un  Moda  with  a  conbnuoua  aanaa  of  avanty  apacad 
intarrupta.  Timar  2  tunctiana  aa  both  an  interval  and  puiaa 
oountar.  Satiai  data  tranafara  are  providod  by  a  aariaMo- 
parallalfparaaai  to  aerial  ahift  ragiatar.  Application  varaatwiy  ia 
furthar  inctaaaad  by  varioua  contral  ragiatara.  including— tha 
Interrupt  Flag  Ragiatar.  tha  Interrupt  Enabla  flagiatar.  tha 
Auxiliary  Control  Ragiatar  and  tha  Paripharal  Control  Ragiatar. 


FEATURES 

•  Low  powar  CMOS  N-waH  ailicon  gate  taehnology 

•  Fully  compatibla  with  NMOS  6S22  davicaa 

•  Two  BM  bidiractional  I/O  porta 

•  Two  IBPit  programmabla  timar/coumara 

•  Serial  bidiractional  paripharal  I/O 

•  TTL  compatibla  paripharal  control  Hnaa 

•  Expanded  "handahaka"  capability  allowa  poeitiva  contral 
of  data  tranafara  batwaan  procaaaor  aitd  paripharal 
davicaa. 

•  Latched  output  and  input  ragiatara  on  both  I/O  porta 

•  1.  2.  3,  and  4  MHx  oparation 

•  Ckxnmorcial  and  induatrial  tamporatura  range  varatona 

•  Singla  *6  Vde  powar  raquiramant 

•  Wide  variaiy  of  packagaa 

—  40^  plaatic  and  ceramic  DIP 

—  AAihn  plaatic  loaded  chip  carriar  (PLCC) 
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R6SC22 


ORDERING  INFORMATION 


INTERFACE  SIGNALS 

FIgura  1  (on  tho  front  pago)  snows  tn«  R65C22  V(A  pin  oMign- 
(TMttti  and  Figura  2  groups  tha  signals  by  functional  intarfaca. 

RESET  (^) 

Raaat  (RES)  claara  all  intamal  registars  (axcapt  Ti  and  T2 
couniars  and  latcfias.  and  tha  Shift  Ragistsr  (SR) ).  In  tha  RES 
conditian.  all  panpharai  intarfaca  linas  (PA  and  PB)  ara  pfacad 
in  tha  input  stata.  Also,  tha  Umars  (Tt  and  T2).  SR  and  imar- 
rupl  logic  ara  disaMd  from  oparation. 

INPUT  CLOCK  (PHASE  2) 

Tha  syatam  Phaaa  2  (12)  Input  Clock  controls  all  data  transfars 
balwsan  tha  R86C22  and  tha  microptocaaaor. 

REAOmRITE  (R/^ 

Tha  diraclion  of  tha  data  tranafars  batwsanjha  R65C22  and  tha 
syatam  procaaaor  s  controllad  by  tha  RAM  hna  in  conjunction 
wiilh  tha  CS1  and  CS2  inputa.  Whan  RAM  S  kwr  (wrrita  opara- 
tion)  and  tha  R65C22  s  salaetad.  data  S  transfsrrad  fromjha 
procaaaor  bus  into  tha  salaetad  R8SC22  ragiatar.  Whan  RAM  S 
high  (raad  oparation)  and  tha  H6aC22  s  salaetad.  data  S  trana- 
farrad  from  tha  salaetad  R65C22  ragsisr  to  tha  proeassor  bus. 

DATA  BUS  (00-07) 

Tha  aightbldlfactlenal  Data  Bus  linas  tranatar  data  batwraan  tha 
R66C22  and  tha  mieroprocaasor.  During  a  raad  oparation.  tha 
eonttntB  of  tho  oofodod  R65C22  Mofnol  rogittof  on  tnrtofofrod 
to  tha  mieroprocaasor  via  tha  Data  Bus  linas.  During  a  wmta 
oparation.  tha  Data  Bus  linas  sarva  as  high  impsdanca  inputs 
ovsr  wrhich  data  s  transfsrrad  from  ttis  mteroproosssor  to  a 
sslactsd  R6SC22  ragistar.  Tha  Data  Bus  linas  srs  in  tha  high 
impsdanca  stata  wrhan  tha  R65C22  is  unsalactsd. 


Versatile  Interface  Adapter  (VIA) 


Figura  2.  R6SC22  VIA  Intsriaca  Signals 


CHIP  SELECTS  (CS1,  CS2) 

Normally,  tha  two  chip  salact  linas  ara  connoctsd  to  tha  micro- 
proeassor  addrass  linas.  This  connaction  may  be  direct  or 
through  dacoding.  To  accass  a  sataetsd  R65C22  ragistar.  CS1 
must  ba  high  (logic  1)  and  CS2  must  be  low  (logic  0) 

REGISTER  SELECTS  (RS0-RS3) 

Tha  Ragistar  Salact  -inputs  allow  tha  mieroprocaasor  to  salact 
one  of  16  imamal  registers  within  the  R65C22.  Ratar  to  Table  i 
for  Ragistar  Select  coding  and  a  functional  description. 

INTERRUPT  REQUEST  (liQ) 

TTw  bitsnupl  Raquest  (i^  output  signal  is  gsnaratad  whansvar 
an  intamal  imarrupt  Flag  bit  is  sat  and  tha  corrasponding  intar- 
rupt  Enabla  bit  is  a  Logic  1 .  Tha  Imsrrupt  Raquast  output  is  an 
opsrvdrain  configuration,  thus  sMownng  tha  IRQ  signal  to  ba 
wiraORad  to  a  common  mcroprocassor  IRQ  input  lino. 

PERIPHERAL  PORT  A  (PA0-PA7) 

Panpharai  Data  Port  A  is  an  B-lino.  bidirectional  bus  for  tha 
transfer  of  data,  control  and  status  information  balwrson  tha 
Re6C22  and  a  panpharai  dovica.  Each  Panpharai  Data  Port  bus 
lino  may  ba  individually  programmad  as  sithsr  an  input  or  output 
undsr  control  of  a  Data  Dirsetion  Ragistsr.  (^ata  flow  direction 
may  ba  salactao  on  a  Iina4>y-iina  basis  with  intsrmixsd  input  and 
output  linas  writhin  tha  same  port.  Whan  a  "0"  is  written  to  any 
bit  position  of  tha  Data  Diraction  Ragistar.  tha  corrasponding 
lino  will  bo  programmad  as  an  input.  When  a  "t"  is  written  into 
any  bit  position  of  tha  ragistar.  the  corrasponding  data  line  will 
serve  as  an  output.  Polarity  of  ths  data  output  is  detsrminad  by 
the  Output  Ragistar.  whila  input  data  may  be  latched  into  tha 
Input  RspMsr  under  comrol  of  the  CA1  line.  All  modes  ars  pro¬ 
gram  controllad  by  the  microprocassor  by  way  of  tha  R65C22's 
intamal  control  rsgwtars.  Ea^  Peripheral  Data  Port  line  rapra- 
sams  two  TTL  loads  m  ths  input  mods  and  wM  dnva  two  standard 
TTL  loads  in  the  output  mode.  A  typical  output  circuit-  for 
Panpharai  Data  Port  A  is  shown  m  Figure  3 
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R65C22 


VersatUe  Interface  Adapter  (VIA) 


PORT  A  CONTROL  LINES  (CA1,  CA2) 

Controt  lin««  CA1  and  CA2  sarva  as  imarrupt  inputs  or  hand- 
shaks  outputs  for  Panpharal  Data  Port  A.  Each  lina  controls  an 
intamal  Iniarrupt  Flag  with  a  corrssponding  Intarrupl  Enabla  bit. 
CA1  also  controls  tha  latching  of  Input  Data  on  Port  A.  CA1  is 
a  high  impadanca  input,  whils  CA2  tapraaants  two  standard  TTL 
loads  in  tha  input  moda.  In  tha  output  mods.  CA2  will  driva  two 
standard  TTL  loads. 

PORT  B  (P80-P87) 

Paripharal  Data  Port  B  is  an  S^ina.  bidirsctional  bus  which  is 
controHad  by  an  Output  Ragotar.  Input  Ragistar  and  Data  Oirec- 
lion  Ragistar  in  a  mannar  much  tha  sams  as  Data  Port  A.  With 
raspact  to  Port  B.  tha  output  signal  on  lina  PB7  may  bs  con- 
trollad  by  Timer  l  while  Timer  2  may  be  programmed  to  count 
pulses  on  tha  PB6  lina.  Port  B  lines  rapresant  two  standard  TTL 
loads  in  tha  input  moda  and  will  drivs  two  TTL  loads  in  tha 


output  mode.  Port  B  lines  are  also  capabla  of  sourcing  3.2  mA 
at  1 .5  Vdc  in  tha  output  moda.  This  allows  the  outputs  to  diractly 
driva  Oartington  transistor  cireuita.  A  typical  output  circuit  for 
Port  B  is  shown  in  Figure  3. 

PORT  B  CONTROL  UNE8  (CB1,  CB2) 

Control  lines  CBl  and  CB2  sarva  as  imarrupt  inputs  or  hand¬ 
shake  outputs  for  Paripharal  Data  Port  B.  Lika  Port  A.  thsas  two 
control  linss  corttrol  an  Intamal  Interrupt  Flag  with  a  corraapono- 
ing  Interrupt  Enabla  bit.  Thaaa  lines  also  sarva  as  a  aerial  data 
port  under  control  of  tha  Shift  Ragistar  (SR).  Each  control  Kna 
reprasants  two  standard  TTL  loads  in  the  input  moda  and  can 
driva  two  TTL  loads  in  tha  output  moda.  Note  that  CBl  andC82 
can  drive  Darlington  transistor  circuits,  bacausa  they  both  will 
source  3.2  mA  at  1.S  Vdc.  Each  lina  reprasants  two  standard 
TTL  loads  in  tha  input  moda  and  will  driva  two  standard  TTL 
loads  in  tha  output  moda. 


Tabla  1 .  R6SC22  Ragistar  Addressing 
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R65C22 _ 

FUNCTIONAL  DESCRIPTION 


Versatile  Interface  Adapter  (VIA) 


Th«  intamal  organization  of  tha  R65C22  VIA  is  iilu^tratad  in 
Figura  4. 

PORT  A  ANO  PORT  8  OPERATION 

The  R6SC22  VIA  haa  two  bidirectional  I/O  ports  (Port  A  and 
Port  B)  and  each  port  haa  two  aaaociated  control  lines. 

Each  S4)it  peripheral  port  has  a  Data  Direction  Register  (DORA. 
DDR8)  for  specify  iig  whether  the  penpheral  pins  are  to  act  as 
inputs  or  outputs.  A  "0"  in  a  bit  of  the  Data  Direction  Register 
causes  the  correspondmg  penpheral  pin  to  act  as  an  input.  A  "I" 
causes  the  pin  to  act  as  an  output. 

Each  peripheral  pin  is  also  controlled  by  a  bit  in  the  Output 
Register  (ORA,  ORB)  and  tha  Input  Register  (IRA,  IRB).  When 
tha  pin  is  programmed  as  an  output,  the  voltage  on  tha  pin  is 
controlled  by  tha  corresponding  bit  of  tha  Output  Ragwar.  A  "1" 
in  tha  Output  Register  causes  tha  output  to  go  high,  and  a  "0" 
causes  the  output  to  go  low.  Data  may  be  wntten  into  Output 


Register  bits  corresponding  to  pins  which  are  programmed  as 
inputs.  In  this  case,  however,  tha  output  signal  is  unattacted. 

Reading  a  penpheral  port  causes  the  contents  of  the  Input 
Register  (IRA.  IRB)  to  be  transferred  onto  tha  Data  Bus.  With 
input  latching  disabled.  IRA  will  always  reflect  the  levels  on  the 
PA  pins.  With  input  latching  enabled.  IRA  will  reflect  tha  levels 
on  the  PA  pins  at  the  time  the  latching  occurred  (via  CAI). 

Tha  IRB  register  operates  similar  to  the  IRA  register.  However, 
tor  pins  programmed  as  outputs  there  IS  a  difference.  When  read¬ 
ing  IRA.  tha  levs/ on  the  pih  determines  whether  a  “0"  ora  "T 
IS  sensed.  Whan  reading  IRB.  however,  the  bit  stored  in  the  out¬ 
put  legiattr.  ORB.  IS  tha  bit  sensed.  Thus,  for  outputs  which  have 
targe  loading  attacis  and  which  pull  an  output  "i"  down  or  which 
pull  an  output  "0"  up.  reading  IRA  may  result  in  reading  a  "0" 
whan  a  "1"  was  actually  programmed,  and  reading  a  "1"  when 
a  "0"  was  programmed.  Reading  IRB.  on  me  other  harMl.  wilt 
readme  "l"  or  "0"  level  actually  programmed,  no  matter  what 
the  loading  on  the  pin. 

Figures  5  through  8  illustrate  tha  trxmats  ot  the  port  regraters 


Figure  4.  R85C32  VIA  Block  Diagram 
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handshake  control  of  data  transfers 

Th«  R85C22  allows  positive  control  ot  data  transfers  between 
the  system  processor  and  penpheral  devices  through  the  opera¬ 
tion  ot  "hanrlshaks"  lines.  Port  A  lines  (CAl.  CA2)  handshake 
data  on  both  a  read  and  a  write  operation  while  the  Port  B  lines 
(CB1.  CB2)  handshake  on  a  write  operation  only. 

Read  Handelwke 

Positive  control  ot  data  transfers  from  penpheral  devices  into 
the  system  processor  can  be  accompliahed  very  affectivaty  using 
Read  Handshaking,  in  this  case,  the  peripheral  device  must 
generate  the  equivalent  ot  a  "Data  Ready  "  signal  to  the 
processor  signifying  that  valid  data  is  present  on  the  peripheral 


Figure  S.  Output  Register  B  (ORB),  Input  Register  B  (IRB) 
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port  This  signal  normally  interrupts  the  processor,  which  then 
reads  the  data,  causing  generation  of  a  Data  Taken  '  signal 
The  penpheral  device  responds  by  making  new  data  available 
This  process  continues  until  the  data  transfer  is  complete 

In  the  R6SC22.  automatic  "Read  "  Handshaking  is  possible  on 
the  Peripheral  A  port  only  The  CAl  interrupt  input  pin  accepts 
the  "Data  Ready"  signal  and  CA2  generates  the  Data  Taken" 
signal  The  "Data  Ready  "  signal  will  set  an  internal  flag  which 
may  interrupt  the  processor  or  which  may  be  polled  under  pro¬ 
gram  control.  The  "Data  Taken  "  signal  can  either  be  a  pulse 
oralevel  which  IS  set  low  by  the  system  processor  and  is  cleared 
by  the  "  Data  Ready  "  signal.  These  options  are  shown  in  Figure  9 
which  illustrates  the  normal  Read  Handshake  sequence 


Figure  6.  Output  Register  A  <ORA).  Input  Register  A  (iRA) 


0  ASSOCIATIO  BA  RtM  IS  AM  BSMjT 
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OMA  RfGiSTin  SIT 


Figure  1.  Data  Direction  Roglattr  A  (DORA) 
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DATA  READY  —■ 

1  { - If— 

,  » - 1 
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1  , 

IRC  OUTPUT 
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*  1 

READ  IRA  OPERATION 

, - 1 
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‘  DATA  TAKEN  " 

HANDSHAKE  MODE  - #—  i 

(CA2)  »—  '  » 


"DAT*  TAKEN" 
PULSE  MODE 
(CA2) 


Figure  9.  Read  Handahake  Timing  (Port  A  Only) 


Write  Handahaki 


The  sequence  at  operanora  wtiich  allows  handaliaking  data  from 
the  system  processor  to  a  peripheral  device  is  very  similar  to 
that  describad  for  Read  Handshaking.  However,  for  Write  Hand¬ 
shaking,  the  R6SC22  generates  the  "Data  Ready"  signal  and 
the  penpheral  device  must  respond  with  the  'Data  Taken  "  sig¬ 
nal.  This  can  be  accomplished  on  both  the  PA  port  and  the  PB 
port  on  the  R6SC22.  CA2  or  CB2  act  as  a  "Data  Ready"  output 
in  either  the  handshake  mode  or  pulse  mode  and  CAl  or  CBl 
accept  the  "Data  Taken"  signal  from  the  penpheral  devica.  set¬ 
ting  the  interrupt  flag  and  clearing  the  "Data  Ready"  output 
This  sequeiKS  is  shown  in  Figure  to. 


Latching 


The  PA  port  and  the  PB  port  on  the  R65C22  can  be  enabled 
in  me  Aukiliary  Control  Roister  (Figure  14)  to  be  latched  by 
their  individual  port  control  linos  (CA1 ,  CBl ).  Latching  is  selec¬ 
table  to  be  on  the  rising  or  falling  edge  ot  the  signal  at  each  indi¬ 
vidual  port  control  line.  Selection  of  operating  modes  tor  CAl. 
CA2.  CBl  and  CB2  is  accomplished  by  the  Penpheral  Control 
Register  (Figure  11). 


Figure  tt.  Peripheral  Control  Register  (PCR) 
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COUNTER/TIMERS 

Th«re  ar«  hra  indepandenl  16^  counter/tinwrs  (caltad  Timar  i 
and  Timer  2)  in  the  R6SC22.  Each  timer  is  controlled  by  writing 
bits  into  the  Auxiliary  Control  Register  (ACR)  to  select  the  mode 
of  operation  (Figure  14). 

Timer  1  Operation 

Interval  Timer  T1  consists  of  two  8-blt  latches  (Figure  12)  and 
a  16-blt  counter  (Figure  13).  The  latches  store  data  which  is  to 
be  loaded  into  the  counter  After  loeding,  me  counter  decrements 
at  02  dock  rate.  Upon  reaching  zero,  an  interrupt  flag  is  set. 
and  IRQ  goes  low  if  the  T1  interrupt  is  enabled.  Timer  1  then 


disables  any  funhar  interrupts  and  automatically  transfers  the 
contents  of  the  latches  into  the  counter  and  continues  to  decre¬ 
ment.  In  addition,  the  timer  may  be  programmed  to  invert  the 
output  signal  on  penpheral  pin  PB7  each  time  it  "times-out" 
Each  of  these  modes  is  discussed  separately  below. 

Note  that  the  processor  does  not  wme  directly  into  the  low-order 
counter  (TtC-L).  Instead,  this  half  of  the  counter  is  loadsd 
automatically  from  the  low  order  latch  (TtL-L)  when  the 
processor  writes  into  the  high  order  counter  (T t  C-H).  In  fact,  it 
may  not  be  necessary  to  wnta  to  the  low  order  counter  in  soma 
applications  since  the  timing  operation  is  tnggered  by  writing 
to  the  high  order  latch 


REG  7-TIMER  1  HIOH-OROER  LATCH 


1  ! 


1 - 


-  <0}4  I 

- 

-  «0M  ) 


COUNT 

VALUE 
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TMC  Ti  wTfMiurr  rua  is 
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RCC  e— TIMER  1  LOW-OROCR  LATCH 
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•  •  sirs  mow  ri  (.owmskosa  uro«s 
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OPCAatom  this  OOCS  not  CauSC 
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Figure  12.  Timer  1  (TI)  Latch  Reglelete 


Figure  13.  Timer  1  (TI)  Counter  Wegletere 
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Figure  14.  AuxiHary  Control  Raglatar  (ACR) 


Timor  1  Ono-Shot  Mod# 

The  Timor  1  ona-shot  moda  ganarates  a  singla  interrupt  for  each 
timar  load  operation.  Aa  with  any  intarvai  timer,  the  delay 
Oatwaan  the  "writa  T1041"  operation  and  generation  of  the  proc- 
aasor  interrupt  is  a  direct  function  of  the  data  loaded  into  the 
timing  counter.  In  addition  to  generating  a  singia  interrupt. 
Timer  1  can  be  programmed  to  produce  a  singla  negative  pulse 
on  the  PB7  peripheral  pin.  With  the  output  enabled  (ACR7  ■  t) 
a  "write  T1C-H"  operation  will  cause  PB7  to  go  low.  PB7  will 
return  high  when  Timer  t  times  out.  The  result  is  a  single  pro¬ 
grammable  width  pulse. 


Timing  tor  the  R6SC22  interval  timer  one-shot  modes  is  shown 
in  Figure  15. 


In  the  one-shot  mods,  writing  into  the  T1L-H  has  no  effect  on 
the  operation  of  Timer  1  However,  it  will  be  necessary  to 
assure  that  the  low  order  latch  contains  the  proper  data  before 
initiating  the  count-down  with  a  "write  T1C-H"  operation  When 
the  processor  writes  into  the  high  order  counter  (TtC-H).  the 
Tl  interrupt  flag  will  be  cleared,  the  contents  of  the  low  order 
latch  will  be  transferred  into  the  low  order  counter,  and  the  timer 
will  begin  to  decrement  at  system  clock  rate.  It  the  PB7  output 
IS  enabled,  this  signal  will  go  low  on  the  falling  edge  of  02  follow¬ 
ing  the  write  operation.  When  the  counter  reaches  zero,  the  T i 
interrupt  Hag  will  be  set.  the  IRQ  pin  will  go  low  (interrupt 
enabled),  and  the  signal  on  PB7  will  go  high.  At  this  time  the 
counter  will  continue  to  decrement  at  system  dock  rate.  This 
allows  the  system  processor  to  read  the  contents  of  the  counter 
to  determine  the  time  since  interrupt  However,  the  Tl  interrupt 
flag  cannot  be  set  again  unless  it  has  been  cleared  as  desenb- 
ed  in  this  specification. 


Figure  15.  Timer  i  One-Shot  Mode  Timing 
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Timer  1  FtM41un  Mode  the  timeout  can  be  pravantad  complataty  it  the  procaasor  con- 

tinuat  to  rawnta  the  timar  batoia  it  raactiea  zero.  Timer  i  will 
The  most  imponam  advantage  aaaocialad  wrth  the  lalchat  in  ri  »«>«*»*»  writes  into  the  high  order 

is  lha  ability  to  produce  a  continuous  senes  ot  evenly  spaced  Howei«r.  by  loading  the  latches  only,  the 

inlarrupis  and  the  aMity  to  produce  a  square  wavs  on  PB7  whose  processor  can  accM  the  timer  dunng  each  down-couming 

trequency  is  not  aftsetad  by  venations  in  the  processor  interrupt  operation  without  attacting  the  timeout  in  process.  Instead,  the 

msponse  time.  This  is  accomplished  in  the  ■Iree^nning"  mode.  “I*  I**™'"*  the  length  ot  the  next 

timeout  period.  This  capabMy  IS  parhcularty  valuabla  in  the  tree- 
running  mode  with  the  output  enabled.  In  this  mode,  the  signal 
in  the  free-running  mode,  the  interrupt  flag  is  sat  and  the  signal  on  pg,  „  inverted  and  the  interrupt  flag  is  sat  with  each  time 

on  PB7  is  inverted  each  time  the  counter  reaches  zero  at  which  out.  By  lesponding  to  the  interrupts  with  new  data  lor  the  latches, 

time  the  timer  automatically  transfers  the  contents  ot  the  latch  ,ne  processor  can  determine  the  period  ot  the  next  halt  cycle 

into  the  counter  (16  bits)  and  continues  to  decrement  from  there  dunng  each  halt  cycle  ot  the  output  signal  on  P87.  in  this  manner. 

The  interrupt  flag  can  be  cleared  by  writing  TiC-H  or  T1L-H.  by  vary  complax  waveforms  can  bo  ganoraiad. 

reading  T1C-L.  or  by  wnting  directly  into  the  flag  as  desenbad 

later.  However,  it  is  not  necessary  to  rewrite  the  timar  to  enable  A  pracautxtn  to  take  in  the  use  of  PB7  as  the  timer  output  con- 

selling  the  interrupt  flag  on  the  next  time-out.  cams  the  Data  Direction  Rsgiater  contents  for  PB7.  Both  DDRB 

bit  7  and  ACR  bit  7  must  be  i  tor  PB7  to  function  as  the  timer 
All  interval  timers  in  the  R65C22  are  "re-triggarable".  Rewriting  output.  It  one  is  l  and  other  is  0.  then  PB7  functions  as  a  nor- 

Ihe  counter  will  always  ra-initializs  the  lime^iul  period.  In  tact.  mal  outpin  pin.  controUsd  by  ORB  bit  7 


Timer  2  Operation 

Tuner  2  operalos  as  an  interval  timer  (in  the  "one-shot”  mode 
only),  or  as  a  eounlor  tor  counting  negative  putses  on  the  P66 
peripheral  pin.  A  single  control  bit  in  the  Auxiliary  Coraminigmar 
selects  between  these  two  modes.  This  timer  is  comprised  ot 
a  "wnts-only’'  lower-order  lalch  (12L-L).  a  "rsad-oniy"  low  order 
counter  (T2C-L)  and  a  rsadtwnts  high  order  eouresr  (13C-H).  The 
counter  regi  slats  act  as  a  IB-bit  counter  which  decrements  at 
62  rata.  Rgure  17  iHuatraies  the  T2  LatctVCountsr  flegisters. 

Timer  2  One-«MM  Mode 

As  an  interval  timer.  T2  operates  in  the  '  one-shot"  mode  Similar 
to  Timer  l.  in  this  mode.  T2  provxtes  a  single  interrupt  tor  each 
"write  T2C-H"  operation.  Alter  timing  out.  the  counter  will  corv 
tmue  to  dscremam.  However,  salting  ot  the  imarrupt  flag  is  die 
abied  attar  initial  lime-oul  so  that  it  will  not  be  set  by  the  counter 


decrementing  again  through  zero.  The  processor  must  rewrite 
T2C-H  to  anabte  salting  of  the  interrupt  flag.  The  interrupt  flag 
IS  cleared  by  reading  T2C-L  or  by  writing  T2C-H.  Timing  tor  this 
operation  is  shOMi  in  Figure  1& 

Timor  2  Pulao  Counting  Mode 

In  the  pulse  counting  mode.  T2  counts  a  predetermined  number 
ot  negative  going  pulses  on  PBBi  This  is  accomplishad  by  first 
loading  a  number  into  T2.  Writing  into  T2C-H  clears  the  inter¬ 
rupt  flag  and  aflows  the  counter  to  decrement  each  time  a  pulse 
is  applied  to  P86l  The  interrupt  flag  is  set  whan  T2  counts  down 
pest  zero.  The  counter  wd  then  corainue  to  decrement  with  each 
pulse  on  PBBi  However,  it  IS  necessary  to  rewrite  T2C-H  to  enow 
■he  interrupt  flag  to  set  on  a  subsequent  timeout.  Timing  tor  this 
mode  ■  shown  in  Figure  19.  The  pulse  must  be  Ip*  on  the  leading 
edge  at  62 
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nco  TIMCR  2  LOW>OflOCR  tATCH/COUNTER 


REG  »~TIMER  2  HIOH-OROER  LATCH/COUNTER 
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SHIFT  REGISTER  OPERATION 


Th«  Shift  RtgisMr  (SR)  partorm*  aarial  data  translara  into  and 
out  of  tho  C82  pin  undar  control  of  an  imamal  modulo-8  coun¬ 
tar.  Sanal  data  tranafar  in  and  out  of  tha  Shift  Ragnlar  (SR)  oagin 
with  tha  moat  aignificant  bit  (MSB)  firat.  Shift  pulaaa  can  ba 
appMadtothaCBl  pin  from  an  axiamalaourca  or.  with  tha  proper 
mode  aalactlon.  shift  pulaaa  ganaratad  intamally  will  appear  on 
tha  CB1  pm  tor  controlling  exiarnal  dawcaa. 

Tha  control  bita  which  aalact  tha  vanoua  ahift  ragiatar  operating 
modaa  are  located  In  tha  Auxiliary  Control  Ragiatar.  Figure  20 
iHuatrataa  tha  configuration  of  tha  SR  data  bita  and  Figure  21 
ahowa  tha  SR  control  bita  of  tha  ACR. 

SR  Mod*  0  —  ShHI  RdgiaMr  Intarrupt  Dliabidd 

Mode  0  diaablaa  tha  Shift  Ragiatar  mtarrupl.  In  thia  mode  the 
micraptocaaaor  can  write  or  read  the  SR  and  tha  SR  will  ahift 
on  each  CBl  poaitivo  adga  ahifting  in  tha  value  on  CB2.  In  thia 
mode  tha  SR  interrupt  Flag  la  diaablad  (held  to  a  logic  0). 

SR  Mod*  1  —  Shift  In  Und«r  Control  of  T2 

In  mode  1.  tha  ahifting  rate  la  controllad  by  tha  low  order  8  bita 
of  T2  (Figure  22).  Shift  pulaaa  are  ganaratad  on  tha  CBl  pin  to 
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control  ahifling  in  aalarnal  davicaa.  Tha  tuna  between  tranaihona 
of  thia  output  dock  la  a  function  of  tha  ayatam  dock  panod  and 
tha  contanta  of  tha  low  order  T2  latch  (N). 

Tha  ahifting  operation  la  tnggerad  by  tha  read  or  write  of  tha  SR 
if  tha  SR  flag  la  aat  in  tha  IFR.  Otharwiaa  tha  firat  ahift  will  occur 
at  tha  next  tima-out  of  T2  after  a  read  or  write  of  the  SR.  Tha 
input  data  ahoukt  change  before  tha  poaitive-going  adga  of  CBi 
dock  pulaa.  Thia  data  la  ahittad  into  tha  ahift  ragiatar  dunng  the 
82  dock  cyda  following  tha  poaitiva-going  edge  of  the  CBl  dock 
pulaa.  Aftw  A  clock  pulaaa.  the  ahift  ragiatar  interrupt  flag 
wilt  aer ' .d  ir-'  I  will  go  low. 


SR  Mod*  2  —  Shift  In  Und*r  82  Control 

In  mode  2.  the  ahift  rat*  la  a  diracl  function  of  the  ayatam  dock 
frequancy  (Figure  23).  CBl  baeoma*  an  output  which  ganerataa 
ahHt  puiaa*  lor  controlling  axtamal  davicaa.  Timar  2  oparata* 
a*  an  indapandont  Intarval  timer  and  haa  no  aftad  on  Tha 
shifting  operation  is  triggarad  by  reading  or  writing  tha  Shift 
Ragiatar.  Data  is  shilMd.  Dial  Into  bit  0  and  is  than  ahittad  into 
the  next  hlghar  order  bit  of  tha  shift  regiatsr  on  tha  traikng  adga 
of  each  82  dock  pula*.  Attar  8  dock  pulaaa.  tha  shift  ragiaiar 
Intarrupt  flag  will  b*  aat,  and  the  output  dock  pulsaa  on  CBl 
will  stop. 


Figure  20.  SMfl  Ragiatar 


Figure  21.  Shift  Ragfatar  I 


Figure  22.  SR  Mod*  i  —  SMfl  In  Undar  T3  Control 


1-41 


Versatile  Interface  Adapter  (VIA) 


R65C22 


SR  Mod*  3  —  Shift  In  Under  CB1  Control 

In  mode  3.  external  pin  C81  becomes  an  input  (Figure  24).  This 
anows  an  external  device  to  load  the  shift  register  at  its  o«m  pace. 
The  shift  register  counter  will  interrupt  the  processor  each  time 
8  bits  have  bean  shifted  in.  The  shift  register  stops  after  8  counts 
and  must  be  reset  to  start  again.  Reading  or  writing  the  Shift 
Register  resets  the  interrupt  Flag  and  initializes  the  SR  counter 
to  count  another  8  pulses. 

Note  that  the  data  is  shifted  dunng  the  first  system  clock  cycle 
following  the  positive^ing  edge  of  the  CBt  shift  pulse.  For  this 
reason,  data  must  be  held  stable  during  the  first  full  cycle  fol¬ 
lowing  CBt  going  high. 

SR  Mod*  4  ~  Shift  Out  Undor  T2  Control  (Froe  Run) 

Mode  4  IS  vary  similar  to  mode  t  in  which  the  shifting  rats  is 


set  by  T2.  However,  m  mode  4  the  SR  Counter  does  not  stop 
the  shifting  operation  (Figure  2S).  Since  the  Shift  Register  bit  7 
(SR7)  IS  recirculated  back  into  bit  0.  the  8  bits  loaded  into  the 
shift  register  will  be  clocked  onto  CB2  repetitively  in  this  mode 
the  shift  register  counter  is  disabled 

SR  Mod*  5  —  Shift  Out  Undor  T2  Control 

In  mode  5.  the  shift  rata  is  controlled  by  T2  las  m  mode  1)  The 
shifting  operation  is  tnggsrsd  by  the  read  or  write  of  the  SR  if 
the  SR  flag  is  sat  in  the  IFR  (Figure  26)  Otherwise  the  first  shift 
will  occur  at  the  next  time-out  of  T2  after  a  read  or  write  of  the 
SR.  However,  with  each  read  or  write  of  the  shift  register  the  SR 
Counter  is  reset  and  8  bits  are  shifted  onto  CB2.  At  the  same 
time.  8  shift  pulses  are  generated  on  CBt  to  control  shifting  m 
external  davicas.  Attar  the  8  shift  pulses,  the  shifting  is  disabled, 
the  SR  Interrupt  Flag  is  set  and  CB2  remains  at  the  last  data  level 


Figure  23.  SR  Mode  2  -  SMft  In  Under  82  Control 
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SR  Mod*  6  —  Shift  Out  Under  12  Control 

in  mode  6.  the  shift  rate  is  controtted  by  the  42  system  clock 
(Figure  27). 

SR  Mod*  7  —  Shift  Out  Under  C81  Control 

In  mode  7.  shitting  is  controlled  by  pulses  applied  to  the  CBl 
pm  by  an  external  device  (Figure  28).  The  SR  counter  sets  the  SR 
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Imerrupt  Flag  each  time  it  counts  8  pulses  but  it  does  not  disable 
the  shitting  function.  Each  lime  the  microprocessor,  writes  or 
reads  the  shift  register,  the  SR  interrupt  Flag  is  reset  and  the 
SR  counter  is  initialiasd  to  begin  counting  the  next  8  shift  pulsas 
on  pin  CBl.  After  8  shift  pulses,  the  Interrupt  Flag  is  set.  The 
microprocessor  can  then  load  the  shift  register  with  the  next  byte 
of  data 


N  «  ]  CveUES  - 


_  >N*]CVCLES 


CBl  OUTROT  • 
SHtFT  CLOCK 

C82  OUTPUT  ] 
DATA  ‘ 


Figure  27.  SR  Mode  8  —  SMtl  Out  Under  82  Control 


Figure  28.  SR  Mode  7  —  Shift  Out  Under  CBl  Control 
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INTERRUPT  OPERATION 

Conirolling  interrupts  within  the  R6SC22  involves  three  pnncipal 
operations.  These  are  Nagging  the  interrupts,  enaoling  interrupts 
and  signaling  to  the  processor  that  an  active  interrupts  exists 
within  the  chip,  interrupt  t.ngs  are  set  in  the  Interrupt  Flag 
Register  (IFR)  by  conditions  detected  within  the  R65C22  or  on 
inputs  to  the  R6SC22.  These  Hags  normally  remain  set  until  the 
interrupt  has  been  serviced.  To  determine  the  source  ol  an  inter¬ 
rupt.  the  microprocessor  must  examine  these  Hags  in  order,  from 
highest  to  lowest  priority. 

Associated  with  each  interrupt  Hag  is  an  interrupt  enable  bit  in 
the  Interrupt  Enable  Register  (lER).  This  can  be  sat  or  cleared 
by  the  processor  lo  enable  interrupting  the  processor  from  the 
corresponding  interrupt  Hag.  If  an  interrupt  Hag  is  sat  lo  a  logic  1 
by  an  interrupting  condition,  and  the  corresponding  interrupt 
enable  bit  is  set  to  a  1.  the  Interrupt  Request  Output  (IRQ) 
wiU  go  low.  IRQ  IS  an  "open-collsctor"  output  which  can  be 
"wire-OR'ad"  with  other  devices  in  the  system  to  interrupt  the 
processor. 

iiMwTUpl  Flag  Ragislar  (IFR) 

In  the  R66C22.  aN  the  mterrupt  flags  are  contained  m  one  regwar. 
i.e.  the  IFR  (Figure  29).  In  addition,  bit  7  ol  this  register  wiH  be 
teed  as  a  logic  1  when  an  interrupt  exists  within  the  chip.  This 
aMows  vary  convenient  polling  at  several  devicea  within  a  sys¬ 
tem  to  locata  the  source  ol  an  interrupt. 

The  Interrupt  Flag  Ragiatar  (IFR)  may  be  read  directly  by  the 
proceseor.  in  addition,  individual  flag  bits  may  be  deared  by  witt¬ 
ing  a  T"  into  the  appropriaia  bit  ol  the  IFR.  When  the  proper 
chip  select  and  legisiar  signala  are  applied  to  the  chip,  the  con¬ 
tents  ol  this  register  are  placed  on  the  data  bus.  BH  7  mdicatss 
the  status  at  the  IRQ  output.  This  bit  corresponds  to  the  logic 


function:  IRQ  »  IFR6  x  IER6  IFRS  x  IER5  -►  IFRS  x  lERS 
IFR3  X  IER3  ♦  IFR2  x  IER2  i-  IFR1  x  lEHl  IFRO  x 
lERO 

Note: 

X  •  logic  AND.  *  a  Logic  QR 

The  IFR  brt  7  IS  not  a  flag.  Therelore.  this  bH  is  not  directly  ctaarad 
by  wnting  a  logic  1  into  it.  It  can  only  be  cleared  by  claanng  all 
the  flags  m  the  register  or  by  disabling  all  the  active  interrupts 
as  discussed  in  the  next  section. 

Ifitemipi  Enable  Regiatef  (lER) 

For  each  interrupt  flag  in  IFR.  there  is  a  corresponding  bfl  in  the 
interrupt  Enable  Register  (lER)  (Figure  30).  Individual  bits  in  the 
lER  can  be  sat  or  cleared  to  facilitate  controHing  indivtdual  inter¬ 
rupts  without  affecting  others.  This  is  accomplished  by  wnting 
to  the  (lER)  after  bit  7  sat  or  cleared  to.  in  turn,  set  or  dear 
saladad  enable  bits.  If  brt  7  of  the  data  placed  on  the  system 
data  bus  during  this  write  operation  IS  a  (X  each  l  dbitsettwough 
0  dears  the  corresponding  bit  in  the  Interrupt  Enable  Regislar. 
For  each  zero  in  bits  6  mrough  0.  the  corresponding  bit  is 
unaltsctad. 

Seledad  bits  in  the  lER  can  be  set  by  writing  to  the  lER  with 
brt  7  in  the  data  word  set  to  a  1.  In  this  case,  each  l  in  bits  9 
through  0  will  sal  the  corresponding  bit.  For  each  zero,  the  cor¬ 
responding  brt  will  be  unaffactad.  This  indnndual  control  of  the 
setting  and  claanng  operations  allows  very  converoem  control 
of  the  imarrupis  dunng  system  oparmxin. 

In  addition  to  sening  and  claanng  lER  bits,  the  contents  of  this 
register  can  be  reed  at  any  time.  Bit  7  will  be  read  as  a  logic  t. 
however. 
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SWITCHING  CHARACTERISTICS 

(Vcc  -  5.0  Vdc  Vss  -  0,  T*  •  to  Tm,  unlM«  ottiOfwiM  noMd) 

peripheral  interface  timing 


PwdlMMf 


I  Him  «n0  Fall  Tim*  tor  CAt.  CBt.  CAS  and  CBS  Input  Signaia 


I  o«iay  Tima.  Clock  Nagaliva  Traniition  to  CAS  Nagativa  Tranaition  (raad  handatiaka 
i  or  puita  moda)  _ _ 


I  Oalay  Tima.  Clock  Nagativa  Tranaition  to  CAS  Poamva  Tranimon  (pulaa  moda) _ 


i  Oalay  Tima.  CAt  Aetna  Tranaition  to  CAS  Positiva  Tranaition  (iiandanaka  moda) 


I  Oalay  Tima.  Clock  Poaitiva  Tranamon  to  CAS  or  CBS  Nagatna  Transition  (niinta 
!  nandanaka)  _  _ 


{  Oalay  Tima.  Panphral  Data  Valid  to  CBS  Nagatna  Transition 


I  Oalay  Tima.  Clock  Positiva  Transition  to  CAS  or  CBS  Positiva  Transition  Ipulaa  modal 


Oalay  Tima.  CAt  or  CBt  Activa  Tranaition  to  CAS  or  CBS  Poaitna  Transition 
(itandsnaks  modal  _ 


Oalay  Tima  Raquirad  from  CAS  Output  to  CAt  Aetna  Transition  iiiandanaka  modal 


Satup  Tima.  Panpnaral  Data  Valid  to  CAt  or  CBt  Aetna  Tranaition  (input  latettingl 


CAt.  CBt  Satup  Poor  to  Transition  to  Arm  Latch 


Panpnaral  Data  Holo  Altar  CAt.  CBt  Transition 


I  umt  I 


Shilt-ln  Satup  Tima  —  Tima  from  CBS  Data  In  to  SS  Rising  Edga 


Ektsmal  Shift  Clock  (CBt|  Satup  Tima  Raiatna  to  IS  Trailing  Edga 


I  Pulsa  PTidin  —  PBS  input  Pulaa 


I  Pulsa  Width  —  CBt  input  Clock 


I  Pulsa  Spacing  —  PBI  input  Pulsa 


BUS  TIMING 


1-45 


Versatile  Interface  Adapter  (VIA) 


R65C22 


PERIPHERAL  INTERFACE  WAVEFORMS 


FIgun  3la.  CA2  Timing  tof  Raid  Handahaka.  Pulaa  Moda 
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Figure  aid.  CA2.  C82  Timing  for  Write  Hendeheke,  Hendeheke  Mode 


Figure  31e.  PerlpAerel  Oete  Input  LelcMng  Timing 
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Figura  32a.  Raad  Timing  Wavafanna 


FIgura  32b.  Wrtta  Timing  Wavatocma 
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ABSOLUTE  MAXIMUM  RATINGS 
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Patametsr 

Symbol 

Value 

Unit  1 

Supply  Vonaga 

Vcc 

-0  3  to  *70 

Input  Voltage 

VtN 

-0.3  10  V<^  *0  3 

1^ 

Output  Vonaga 

VquT 

-0.3  to  Vcc  ’■0  3 

Vdc 

OpBrttin9  TBmpBrature 
ComfDfctal 

InduBtriti 

T. 

0  (0  +70 

-  40  to  +85 

•c 

_ i 

Storags  Tamparalure 

^STG 

-55  fo  ♦  150  1  *C  j 

OPERATING  CONDITIONS 


ParantsWr 

Symbol 

Vaius  j 

Supply  VoHags 

Vcc 

5V  1 5%  1 

Temporatur*  Range 
Commercial 
induatnaJ 

Ta 

Tl  to  T„  1 

O’C  to  70*C  1 

-  ")*Clo  r-«S*C  1 

'NOTE;  StfMMS  above  (hose  listed  may  cause  oermanent 
damage  to  the  device.  This  is  a  stress  rating  only  and  function¬ 
al  operation  of  the  device  at  these  or  any  other  conditions  above 
those  Indicated  in  the  other  sections  of  this  document  is  not 
Implied.  Exposure  lo  absolute  maximum  rating  conditions  for 
extended  penods  may  affect  device  reliability 


ELECTRICAL  CHARACTERISTICS 

(Vgc  m  5.0  Vdc  ±5%.  Vss  -  0.  T*  «  T^  lo  Th.  unless  otheneise  noted) 


1  AS  units  are  ditset  current  (DC)  sxcapl  for  capaciunce 

i.  Nsgeiivs  sign  indicatas  outward  current  flow,  poeitivs  mdicaisa  inward  now 

3  Typieal  valuaa  shown  lor  v^c  -  9  OV  and  •  2S*C 
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PACKAGE  DIMENSIONS 
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Re5NC22/R65C22  DIFFERENCES 

RMCa2  _ I _ iwawcaa _ j 

1.  RagiMr  sMaci  lina*  «r*  dacoOM  during  il.  1.  Ragutar  aatael  iinaa  ara  dacodad  dunng  j2  only  if  CS2  is  activa 

low.  I 

2.  CBl  mum  not  ctianga  during  laal  1W  na  ol  $2.  CBI  muji  nava  a  2  CBi  can  changa  anyiima  Out  la  aampiad  only  dunng  il  CBi  must  | 

pulaa  width  graalar  than  ona  panod.  nava  a  puiaa  graalar  man  ona  pared  j 

a  PBO-PB7  and  CBI.  CB2  have  activa  puM-upa.  |  3.  PBO-PB7  and  CBi.  082  nava  paaaiva  puU  ups  I  >3  KO)  | 

I  1 

4.  PB(>-PB7.  CBI  and  CB2  lapraaam  two  aundard  TTL  loads  in  the  |  4  P80-PS7.  CBi  and  CB2  lapiaaani  ona  sondard  TTL  load  m  ttia  input  | 

input  moda  and  wM  dnva  two  aandaid  TTL  loada  m  ma  output  mooa  mods  and  vnll  dnva  ona  standard  TTL  load  m  iha  output  mode 
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SECTION  1 
INTRODUCTION 


The  HCMOS  MC68HC11 A8  is  an  advanced  single-chip  microcomputer  (MCU)  with  highly  sophisticated  on- 
chip  peripheral  functions.  New  design  techniques  are  used  to  achieve  a  nominal  bus  speed  of  two 
megahertz.  In  addition,  the  fully  static  design  allows  operation  at  frequencies  down  to  dc,  further  reducing 
its  low  power  consumption. 

1.1  FEATURES 

The  following  are  some  of  the  hardware  and  software  highlights. 

Hardware  Features 

•  8K  Bytes  of  ROM 

•  512  Bytes  of  EEPROM 

•  256  Bytes  of  RAM  (All  Saved  During  Standby)  Mappable  to  Any  4K  Boundary 

•  Enhanced  16-Bit  Timer  System: 

Four  Stage  Programmable  Prescaler 
Three  Input  Capture  Functions 
Five  Output  Compare  Functions 

•  An  8-Bit  Pulse  Accumulator  Circuit 

•  An  Enhanced  NRZ  Serial  Communications  Interface  (SCI) 

•  A  Serial  Peripheral  Interface  (SPI) 

•  Eight  Channel,  8-Bit  Analog-to-Oigital  Converter 

•  Real  Time  Interrupt  Circuit 

•  Computer  Operating  Properly  (COP)  Watchdog  System 

•  Available  in  Oual-in-Line  or  Leaded  Chip  Carrier  Pacitagss 

Software  Features 

•  Enhanced  M68(X)/M6801  Instruction  Set 

•  16  X  16  Integer  and  Fractional  Divide  Features 

•  BK  Manipulation 

•  WAIT  Mode 

•  STOP  Mode 


1.2  GENERAL  DESCRIPTION 


The  MC68HC11A8  is  a  single-chip  microcomputer  that  utilizes  HCMOS  technology  to  provide  the  low- 
power  characteristics  and  high  noise  immunity  of  CMOS  plus  the  high-speed  operation  of  HMOS.  On-chip 
memory  systems  include  a  8K  byte  ROM,  512  bytes  of  electrically  erasable  programmable  ROM  ItEPROM) 
and  256  bytes  of  static  RAM.  The  MC68HC1  tA8 microcomputer  also  provides  highly  sophisticated,  on-chip 
peripheral  functions  including;  an  8-channel  analog -to-digital  (A/D)  converter,  a  serial  communications  in¬ 
terface  (SCI)  subsystem,  and  a  serial  peripheral  interface  (SPI)  subsystem. 

The  timer  system  provides  three  input  capture  lines,  five  output  compare  lines,  and  a  real  time  interrupt 
circuit. 

Other  features  include;  a  pulse  accumulator  which  can  be  used  to  count  external  events  (event  counting 
mode)  or  measure  an  external  period;  a  computer  operating  properly  (COP)  watchdog  system  which  helps 
protect  against  software  failures;  a  clocit  monitor  system  which  causes  generation  of  a  system  reset  in  case 
the  clock  is  lost  or  running  too  slow;  an  illegal  opcode  detection  circuit  which  provides  an  unmaskable  inter¬ 
rupt  if  an  illegal  opcode  fetch  is  detected;  and  two  power  saving  standby  modes,  STOP  and  WAIT. 

A  block  diagram  of  the  MC68HC1 1A8  is  given  in  Figure  1-1. 
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Figure  1-1.  Block  Diagram 


SECTION  2 

CPU  REGISTERS,  FUNCTIONAL  PIN  DESCRIPTION, 
OPERATING  MODES,  INPUT/OUTPUT  PROGRAMMING,  AND  MEMORY 


This  section  provides  a  description  of  the  CPU  registers,  functional  pins,  input/output  programn^ing,  arnl 
mamorY- 


2.1  CPU  REGISTERS 

In  addition  to  being  able  to  execute  all  M6800  and  M6801  instructions,  the  MC68HC1 1 A8  usee  a  4-page  op¬ 
code  map  to  allow  execution  of  91  new  opcodes.  Seven  registers,  discussed  in  the  following  paragraphs, 
are  available  to  programmers  as  shown  in  Figure  2-1.  Hgure  2-2  gives  the  interrupt  stacking  order. 
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Figure  2-1.  Programming  Model 
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2.1.1  Accumulators  A  and  B 

Accumulator  A  and  accumulator  B  ara  ganaral- 
purpoaa  S-bit  ragistara  used  to  hold  operands  artd 
results  of  arithmetic  calculationa  or  datt  manipula¬ 
tions.  Theaa  two  accumuiatora  can  tw  con- 
catanatsd  into  a  single  16-bit  accumulator  called 
the  0  accumulator. 


2.1.2  Index  Registar  X  (IX) 


Figure  2-2.  Interrupt 
Stacking  Order 


The  16-bit  IX  regietar  is  ussd  for  ittdexsd  mode  ad- 
dreeaing.  It  providaa  a  16-bit  indexing  value  which 
is  addad  to  an  8-bit  offset  provided  in  an  instruc¬ 
tion  to  create  an  effective  address.  The  IX  register  can  also  be  used  as  a  counter  or  as  a  tamporary  storage 
register. 


2.1.3  Index  Register  Y  (lY) 


The  16-bit  lY  register  is  also  ussd  for  indexed  mode  addressing  aimlar  to  the  IX  rsgistar;  however,  aH  in¬ 
structions  using  the  lY  register  require  an  extra  byte  of  machine  code  and  an  extra  cyde  of  execution  time 
since  they  are  two  byte  opcodea. 

I 


2.1.4  Stack  Pointer  (SP) 


The  stack  pointer  (SP)  is  a  16-bit  register  that  containa  the  address  of  the  next  free  location  on  the  stack. 
The  stack  is  configured  as  a  sequence  of  last-in-first-out  read/write  registers  which  allow  important  data  to 
be  stored  durirtg  interrupts  and  subroutine  caHs.  Each  tima  a  new  byte  is  added  to  the  stack  (a  puah),  the 
SP  is  decremented;  whereas,  each  time  a  byte  is  removed  from  the  stack  (a  puN)  the  SP  is  incremented. 


2.1.5  Program  Counter  (PC) 

The  program  counter  is  a  16-bit  register  that  contains  the  address  of  the  next  instruction  to  bo  executed. 


2.1.6  Condition  Code  Register  (CCR) 

The  condition  cods  register  is  an  8-bit  registar  in  which  each  bit  signifies  the  results  of  the  Instruction  just 
executed.  These  bits  can  be  indMduaRy  tested  by  a  program  artd  a  specific  action  can  be  taken  as  a  result  of 
the  teat.  Each  individuai  condition  coda  register  bit  is  explained  below. 

2.1.6.1  CARRY/BORROW  (C).  The  C  bit  is  sot  if  there  was  a  carry  or  borrow  out  of  the  arithmetic  logic 
unit  (ALU)  durifrg  the  last  arithmetic  operation.  The  C  bit  ia  alao  affected  during  shift  artd  rotate  instruc¬ 
tions. 

2. 1 .6.2  OVERFLOW  (V).  The  overflow  bit  is  sot  if  there  was  sn  arithmetic  overflow  as  a  raauR  of  the  opera¬ 
tion;  otherwiae,  the  V  bit  is  cleared. 

2.1.6.3ZERO(Z).  The  zero  bit  is  sat  if  the  result  of  the  last  arithmetic,  logic,  or  data  manipulstion  operation 
was  zero;  otherwiae,  the  Z  Ut  is  cleared. 


2.1 .6.4  NEGATIVE  (N).  The  negative  bit  is  sat  if  the  raatiK  of  the  last  arithmetic,  logic,  or  data  manipulation 
operation  was  negative;  otherwiae,  the  N  bit  is  cleared. 


2.1.6.5  I  INTERRUPT  MASK  III.  Th«  interrupt  mask  bit  is  set  either  by  hardware  or  program  instruction  to 
disable  {mask)  all  maskabla  interrupt  sources  (both  external  and  internal). 

2.1.6.6  HALF  CARRY  IH).  The  half  carry  bit  is  set  to  a  logic  one  when  a  carry  occurs  between  bits  3  and  4 
of  the  arithmetic  logic  unit  during  an  ADO,  ABA,  or  ADC  instruction;  otherwise,  the  H  bit  is  cleared. 

2.1.6.7  X  INTERRUPT  MASK  IX).  The  X  interrupt  mask  bit  is  set  only  by  hardware  IRESET  or  XIRQ 
acknowledge);  and  it  is  cleared  only  by  program  instruction  (TAP  or  RTI). 

2.1.t.8  STOP  DISABLE  IS).  The  stop  disable  bit  is  set  to  disable  the  STOP  instruction,  artd  deered  to 
enable  the  STOP  instruction.  The  S  bit  is  program  controlled.  The  STOP  instruction  is  treated  as  no  opera¬ 
tion  INOP)  if  the  S  bit  is  set. 

2.2  FUNCTIONAL  PIN  DESCRIPTION 

The  following  paragraphs  describe  all  of  the  function  pins  except  for  the  ports  which  are  discussed 
aaparately  under  2.3  OPERATING  MODES  AND  INPUT/OUTPUT  PROGRAMMING. 

2.2.1  Vdd  and  VsS 

Power  is  supplied  to  the  MC68HC11  AS  using  these  two  pins.  VoD  n  fh*  power  input  I  5  vdtsl  stkI  Vss  * 
ground. 

2.2.2  rIMT 

This  saKre  low  bidirectional  control  pin  is  used  as  an  input  to  initialize  the  MC68HC1 1  AS  to  a  known  startup 
state,  and  as  an  open-drain  output  to  indicate  an  internal  failure  has  been  detected  in  either  the  dock 
monitor  or  computer  operating  properly  ICOP)  circuit.  Refer  to  Figure  11-19  for  a  typical  reset  circuit. 

2.2.3  XTAL  and  EXTAL 

Theae  two  pins  provide  for  an  interface  with  either  a  crystal  or  a  CMOS  compatible  clock  to  control  the 
MC8SHC1  IAS  internal  dock  generator  drcurtry.  The  frequency  applied  to  these  pins  should  be  four  times 
the  desired  internal  dock  rate.  The  XTAL  output  is  only  intended  to  drive  the  crystal.  It  should  not  be  used 
to  drive  external  drcuitry.  The  XTAL  pin  must  be  left  unconnected  when  using  an  external  CMOS  compati¬ 
ble  dock  on  EXTAL.  Refer  to  Figure  11-1S  for  a  diagram  of  the  oscillator  circuits. 

2.2.4  E  (ENABLE)  CLOCK 

The  E  pin  providSB  an  output  for  the  internally  generated  E  dock  which  can  be  used  as  a  timing  reference. 
The  frequency  of  the  E  output  is  actually  one  fourth  that  of  the  input  frequerKy  at  the  XTAL  and  EXTAL 
pine.  In  general  when  the  E  pin  is  low,  an  internal  process  is  taking  place  and,  when  high,  data  is  being  sc- 
ceaaed.  The  E  signal  is  halted  when  the  MCU  is  in  a  STOP  state. 

2.2.8  IRQ 

The  IRQ  pin  providee  a  means  for  requesting  asynchronous  interrupts  to  the  MC68HC11A8.  It  is  program 
salactabla  (OPTION  ragiater)  with  a  choice  of  either  negative  edge-serraitive  or  level-sensitive  triggering, 
and  is  always  configured  to  level-sensitive  triggering  during  reset.  The  IRQ  pin  requires  an  external  resistor 

to  Voo- 


2.2.6  XIRQ 


The  XIRQ  pin  provides  a  means  of  requesting  asynchronous  non-maskable  interrupts  to  theMCMHClIAS, 
after  a  power-on  reset.  During  reset,  the  X  bit  in  the  condition  code  register  is  set  and  the  XIRQ  interrupt  is 
masked  to  preclude  interrupts  on  this  line  until  MCU  operation  is  stabilized.  The  XIRQ  is  a  level  sensitive  pin 
and  requires  an  external  resistor  to  Vqq. 

2.2.7  MODA/UR  AND  MOOB 

During  reset,  these  two  pins  are  used  to  control  the  two  basic  operating  modes  of  the  MC68HC11A8  plus 
two  special  operating  modes  ITable  2-1).  Refer  to  2.3  OPERATING  MOOES  AND  INPUT/OUTPUT 
PROGRAMMING  for  more  detailed  information. 

Table  2-1.  Operating  Modes  vareus  MOD  A  and  MODB 
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In  addition  to  the  MODA  function,  the  MOOA/LIR  pin  provides  an  output  as  an  aid  in  debugging  once  reset 
is  completed.  The  LIR  pin  goes  to  an  active  low  during  the  first  E  clock  cycle  of  each  instruction  and  re¬ 
mains  low  for  the  duration  of  that  cycle  (opcode  fetch). 

2.2.8  Vrl  and  Vrh 

These  two  pins  provide  the  reference  voltage  for  the  analog-to-digital  converter. 

2.2.9  R/W/STRB 

This  pin  provides  two  different  functions  depending  on  the  operating  mode. 

In  the  single-chip  mode,  the  STRB  pin  acts  as  a  programmable  strobe  for  handshake  to  a  parallel  I/O 
device. 

In  the  expanded  multiplexed  mode,  R/W  Irea^ write)  is  used  to  control  the  direction  of  transfers  on  the  ex¬ 
ternal  data  bus.  A  low  level  (write)  on  the  R/W  pin  enables  the  data  bus  output  drivers  to  the  external  data 
bus.  A  high  level-lread)  on  this  pin  forces  the  output  drivers  to  a  high-impedance  state  and  data  is  read  from 
the  external  bus.  R/W  will  stay  low  during  consecutive  data  bus  write  cycles,  such  as  in  a  double-byte 
store. 

2.2.10  AS/STRA 

This  pin  provides  two  different  functions  depending  on  the  operating  mode. 

In  the  single-chip  mode,  the  STRA  pin  acts  as  a  programmable  input  strobe,  which  can  be  used  with  STRB 
and  port  C  for  full  handshake  modes  of  parallel  I/O. 

In  the  expanded  multiplexed  mode,  the  AS  (address  strobe)  output  may  be  used  to  demultiplex  the  address 
and  data  signals  at  port  C. 


2.3  OPERATING  MODES  AND  INPUT/OUTPUT  PROGRAMMING 

There  are  five  8-bit  ports  on  the  MC68HC11A8  MCU.  Three  of  these  ports  serve  more  than  one  purpose, 
depending  on  the  mode  configuration  of  the  MCU.  A  summary  of  the  pins  versus  function  and  mode  is  pro¬ 
vided  in  Table  2-2  and  discussed  in  the  following  paragraphs.  Because  some  of  the  port  functions  are  con¬ 
trolled  by  the  particular  mode  selected,  each  port  is  discussed  for  its  functionls)  during  the  mode  of  opera¬ 
tion.  Unused  port  input  or  I/O  pins  should  be  tied  high  or  low. 


Table  2-2.  Port  Signal  Summary 


Slngta'Chip 

Expandad  MuHIplaxad 

Modal  0  and  Bootatraii  Moda 

Moda  1  and  Spactal  Taat  Moda 

A-0 

PA0/IC3 

PA0/IC3 

A-1 

PA1/IC2 

PA1/IC2 

A.2 

PA2/(C1 

PA2/IC1 

A3 

PA3/0CS/and-w  OC1 

PA3/0CS/and-or  OCI 

A-4 

PA4/0C4/and-O(  OCI 

PA4/0C4/and-oc  OCI 

A-S 

PAS/0C3/and-<x  OCI 

PA5/0C3/and-ar  OCI 

A-6 

PAa/OC2/and-or  OCI 

PAa/0C2/and-ot  O'" 

A-7 

PA7/PAI/OC1 

PA7/PAI/0C1 

B-O 

PBO 

AS 

B-1 

PBI 

AS 

B-2 

pa2 

A10 

B3 

PB3 

All 

B-4 

PB4 

AI2 

B-S 

PBS 

A13 

B-a 

PBa 

A14 

B-7 

PB7 

AtS 

C-0 

PCO 

AO/DO 

C-1 

PCI 

AI/OI 

C2 

PC2 

A2/D2 

C-3 

PC3 

A3/03 

C-« 

PC4 

A4/04 

C-5 

PCS 

AS/ 06 

C-B 

PCS 

A6/oa 

C-7 

PC7 

A7/07 

0-0 

POO/BxO 

P00/R«0 

0*1 

P01/T*0 

P01/T.0 

0-2 

P02/M(S0 

P02/MIS0 

0-3 

P03/M0SI 

PD3/M0SI 

0-4 

P04/SCK 

P04/SCK 

0-8 

POS/SS 

P06/§S 

0-6 

STBA 

AS 

0-7 

STRB 

R/W 

E-0 

PEO/ANO 

PEO/ANO 

El 

PE1/AN1 

PE1/AN1 

E-2 

PE2/AN2 

PE2/AN2 

E-3 

PE3/AN3 

PE3/AN3 

E-4 

PE4/AN4  it 

PE4/AN4  ff 

ES 

PE5/AN5  it 

PES/ANS  f* 

E-6 

PE6/AN6  it 

PEa/AN6M 

E-7 

PE7/AN7  it 

PE7/AN7  it 

H  ■  not  bemM  in  41  pin  varimont 


2.3.1  Single-Chip  Mode 

In  the  single-chip  mode,  the  MC68HC11A8  functions  as  a  monolithic  microcomputer  without  external  ad¬ 
dress  or  data  buses. 

2.3.1. 1  PORT  A.  In  all  operating  modes  port  A  may  be  configured  for;  three  input  capture  furtctions  (IC1, 
IC2,  IC3),  four  output  compare  functions  {OC2,  0C3,  OC4,  0C5),  and  a  pulse  accumulator  input  (PAD  or  a 
fifth  output  compare  function  (OC1).  Refer  to  8.1  PROGRAMMABLE  TIMER  for  additionai  information. 


Each  poa  A  pin  that  is  not  used  for  its  alternate  timer  function  may  be  used  as  a  general-purpose  input  or 
output  line. 

2. 3.1. 2  PORT  B.  All  of  the  port  B  pins  are  general-purpose  output  pins.  During  MCU  reads  of  this  port,  the 
level  sensed  at  the  input  side  of  the  port  B  output  drivers  is  read.  Port  B  may  also  be  used  in  a  simple 
strobed  output  mode  where  the  STRB  pulses  each  time  port  B  is  written. 

2.3. 1.3  PORT  C.  All  port  C  pins  are  general-purpose  input/output  pins.  Port  C  inputs  can  be  latched  by  the 
STRA  input.  Port  C  may  also  be  used  in  full  handshake  modes  of  parallel  I/O  where  the  STRA  input  and 
STRB  output  act  as  handshake  control  lines. 

2. 3.1.4  PORT  D.  Port  D  bits  0-5  may  be  used  for  general  I/O  or  with  the  serial  communications  interface 
(SCI)  and  serial  peripheral  interface  (SPI)  subsystems.  Bits  6  and  7  are  used  as  handshake  control  signals 
for  ports  B  and  C. 

Bit  0  is  the  receive  data  input  (RxD)  for  the  serial  communication  interface  (SCI). 

Bit  1  is  the  transmit  data  output  (TxD)  for  the  SCI. 

Bits  2  through  5  are  dedicated  to  the  serial  peripheral  interface  (SPI).  Bit  2  is  the  master-in-slave-out  (MISO) 
line.  Bit  3  Is  the  master-out-of-slave-in  (MOSI)  line.  Bit  4  is  the  serial  clock  (SCK)  and  bit  5  is  the  slave  select 
(SS)  input. 

Bit  6  is  STRA. 

Bit  7  is  STRB. 

2.3.1. 5  PORT  E.  In  all  operating  modes,  port  E  is  used  for  general-purpose  inputs  and/or  analog-to-digital 
(A/0)  channel  inputs.  Port  E  should  not  be  read  while  an  A/D  conversion  is  actually  taking  place. 

NOTE 

On  48-pin  packaged  versions  of  the  MC68HC11A8,  the  four  most  significant  bits  of  port  E  are  not 
connected  to  pins. 

2.3.2  Expanded  Multiplexed  Mode 

In  the  expanded  multiplexed  mode,  the  MC6BHC11A8  has  the  capalbility  of  accessing  a  64K  byte  address 
space.  The  total  address  space  includes  the  same  on-chip  memory  address  as  for  single-chip  mode  plus  ex¬ 
ternal  peripheral  and  memory  devices. 

2.3.2.1  PORT  A.  This  port  has  the  same  furrctions  as  in  the  single-chip  mode  (refer  to  2.3.1.1  PORT  A). 

2.3.2.2  PORT  B.  All  of  the  port  B  pins  act  as  high  order  address  output  pins.  During  each  MCU  cycle,  bits  8 
through  IS  of  the  addreaa  are  output  on  the  PB0-PB7  fines  respectively. 

2.3.2.3  PORT  C.  AH  port  C  pins  are  configured  as  multiplexed  addrsss/data  pins.  Durirtg  the  address  por¬ 
tion  of  each  MCU  cy^,  bits  0  through  7  of  the  addreas  are  output  on  the  PC0-PC7  lines.  During  the  data 
portion  of  each  MCU  cycle  (E  high),  bits  0  through  7  (D0-D7)  are  bidirectional  data  pins  controHed  by  the 
R/W  signal. 


2.3.2.4  PORT  D.  This  port  functions  the  same  way  as  in  the  single-chip  n^e  (refer  to  2.3.1. 4  PORT  D)  ex¬ 
cept  bits  6  and  7  which  act  as  expansion  bus  control  lines  AS  and  R/W  respectively. 

2.3.2.B  PORT  E.  This  port  has  the  same  function  as  in  the  single-chip  mode  (refer  to  2.3.1.6  PORT  E). 


2.3.3  Bootstrap  Mode 

The  bootstrap  mode  is  considered  a  special  mode  as  distinguished  from  the  normal  operating  smgle-chip 
mode.  This  is  a  very  versatile  nrade  since  there  are  essentially  no  limitations  on  the  special  purpoaa  program 
that  is  boot  loaded  into  the  internal  RAM.  The  boot  loader  is  contained  in  192  bytes  of  ROM  which  is 
enabled  as  internal  memory  space  at  4BF40-4BFFF.  The  boot  loader  contains  a  smaH  program  which  reads 
a  2S6  byte  program  into  on-chip  RAM  ($0000-400FF)  via  the  SCI.  After  the  character  for  addraas  400FF  is 
racaived,  control  is  automatically  passed  to  that  program  at  memory  address  $0000  and  the  MCU  starts 
operating. 

In  the  bootstrap  riKide,  the  serial  receive  logic  is  initialized  by  software  in  the  boot  loader  ROM  to  be  1200 
baud  for  a  8.0  MHz  crystal  or  600  baud  for  a  4.0  MHz  crystal  and  a  data  format  of  ona  start  bit,  8-bit  data, 
artd  orw  stop  bet.  An  opening  character  should  be  $FF.  The  character  following  that  wHI  be  placed  at  $0000 
ar>d  each  subsequent  character  is  put  in  the  next  higher  address  until  the  entire  256  bytes  are  filled.  Note 
that  the  entire  2^byte  apace  must  be  filled. 

2.3.4  Test  Mode 

The  test  mode  is  used  for  factory  testing. 

2.4  MEMORY 

Composite  memory  rrwps  for  esch  MC68HC1 1 A8  mode  of  operation  are  shown  in  Figure  2-3.  These  modes 
include  single-chip,  expanded  multiplexed,  and  special  boot. 
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Figure  2-3.  Memory  Maps 
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In  the  single-chip  mode  (mode  0)  of  Figure  2-3,  the  MC68HC11A8  does  not  generate  external  addresses. 
The  actual  internal  memory  locations  are  shown  in  the  shaded  areas  of  Figure  2-3  and  the  contents  of  these 
shaded  areas  are  shown  on  the  right  side  of  the  diagram.  Refer  to  Table  2-3  found  on  a  foldout  page  at  the 
back  of  this  document  for  a  full  list  of  the  registers. 

The  expanded  multiplexed  mode  (mode  It  memory  locations  shown  in  Figure  2-3  are  basically  the  same  as 
for  the  single-chip  mode;  however,  the  memory  locations  between  the  shaded  areas  (designated  EXT)  are 
for  externally  addressed  memory  and  I/O. 

The  special  bootstrap  mode  memory  locations  are  similar  to  the  single-chip  memory  locations  except  that  a 
special  bootstrap  program  is  addressed  at  memory  locations  $BF40  through  $BFFF. 

2.4.1  ROM 

The  internal  8K  ROM  occupies  the  highest  8K  of  the  memory  map  ($E(XX)-$FFFF).  This  ROM  can  be  dis¬ 
abled  when  the  ROMON  bit  in  the  CONFIG  register  is  clear.  This  register  bit  is  implemented  with  an 
EEPROM  cell  and  should  be  programmed  using  the  same  procedures  for  programming  the  on-chip 
EEPROM. 

2.4.2  EEPROM 

The  MC68HC11A8  includes  512  bytes  of  EEPROM  located  in  the  area  $8800  through  $B7FF  which  has  the 
same  read  cycle  time  as  the  internal  ROM.  The  write  (or  programming)  mechanism  for  the  EEPROM  is  con¬ 
trolled  by  the  PPROG  register.  The  S12-byte  EEPROM  is  disabled  when  the  EEON  bK  in  the  CONFIG  register 
is  clear.  This  register  bit  is  implemented  with  an  EEPROM  cell. 

2.4.3  Programming /Erasing  Internal  EEPROM 

The  EEPROM  programming  and  erasure  process  is  controlled  by  the  PPROG  register.  The  operating  modes 
for  the  512-byte  EEPROM  are  as  follows: 


NORMAL  READ  —  In  this  mode,  the  ERASE  bit  in  the  PPROG  register  must  be  clear  (not  erase  mode) 
and  the  EELAT  bit  must  be  clear  (not  programming  mode).  While  these  two  bits  are 
cleared,  the  ROW  and  EEPGM  bits  in  the  PPROG  register  have  no  meaning  or  effect, 
and  the  512-byte  EEPROM  may  be  read  as  if  it  were  a  normal  ROM. 


PROGRAMMING  —  During  EEPROM  programming,  the  ROW  bit  is  not  used.  If  the  E  clock  frequency  is 

less  than  1  MHt  the  CSEL  bit  in  the  OPTION  register  must  be  set.  The  normal  se- 
—  quence  of  events  in  programming  the  EEPROM  is  as  follows: 

1)  Write  xxxx  xOlO  to  the  PPROG  register.  This  specifies  program  normal  mode 
(ERASE  bit  =  0),  address/ data  buses  configured  to  latch  address  and  data  informa¬ 
tion  (EELAT  bft  =  1),  and  erase  voltage  turned  off  (EEPGM  bit  =  0). 

2)  Write  data  to  be  programmed  to  the  desired  EEPROM  address.  This  write  causes 
the  address  and  data  to  be  latched  in  a  parallel  internal  latch. 

31  Write  EEPGM  bit  to  one  (xxxx  xOII).  This  couples  the  EEPROM  programming  sup¬ 
ply  voltage  to  the  EEPROM  array,  to  program  the  specified  data  into  the  specified 
address  in  EEPROM. 


41  Oeiay  for  10  milliseconds. 


5)  Write  xxxx  xO  0  to  the  PPROG  register  to  turn  off  the  programming  voltage. 

6)  Repeat  steps  2)  through  51  until  all  desired  locations  have  been  programmed. 

7)  Write  EELAT  bit  back  to  zero  to  allow  the  programmed  data  to  be  verified. 

'  'ERASE  —  If  the  E  clock  frequency  is  less  than  1  MHz,  the  CSEL  bit  in  the  OPTION  register  must 

be  set  when  erasing  the  EEPROM.  The  EEPROM  has  three  erase  modes: 

1)  full,  512-byte  simultaneous  “bulk"  erase, 

2)  "row"  erase  where  only  one  row  (16  bytes)  is  erased  at  a  time,  and 

3)  "byte"  erase  where  a  single  specified  byte  is  erased. 

NOTE 

The  erased  state  of  all  EEPROM  cells  is  logic  o  ie.  On  early  parts,  byte  and  row  erase  are  rwt  im¬ 
plemented. 

The  normal  procedure  for  erasure  of  the  entire  EEPROM  is: 

1 )  Write  xxxx  01 10  to  the  PPROG  register.  This  specifies  the  "all"  erase  mode  (ROW  bit  =  0),  erase  mode 
(ERASE  bit  =  1),  EEPROM  configured  for  address/data  latching  (EElJkT  bit»1),  arid  erase  voltage 
turned  off  (EEPGM  bit  =  0). 

la)  A  write  must  be  done  to  any  EEPROM  address  after  Step.  1 . 

lb)  Optionally  if  the  CONFIG  register  is  also  to  be  erased,  a  write  to  the  address  of  the  CONFIG 
register  must  be  performed  after  "bulk"  erase  was  specified  by  the  write,  in  step  1  above,  and 
before  the  programming  voltage  is  turned  on  in  step  2  below. 

In  the  case  of  erasure,  the  data  involved  in  this  write  operation  is  -nimportant  and  the  write  is  needed 
only  for  the  addressing  information  it  provides. 

2)  Write  xxxx  0111  to  the  PPROG  register  to  turn  on  the  erase  voltage  to  the  EEPROM  array. 

3)  Wait  for  10  milliseconds  to  allow  the  erasure  to  complete. 

4)  Write  xxxx  01 10  to  the  PPROG  register  to  turn  off  the  erase  voltage. 

5)  Write  xxxx  0060  to  the  PPROG  register  to  return  the  EEPROM  to  the  normal  read  configuration. 

The  normal  procedure  for  erasure  of  a  row  of  EEPROM  is: 

1)  Write  xxxx  1110  to  the  PPROG  register.  This  specifies  the  "row"  erase  mode  (ROW  bit=  1),  erase 
mode  (ERASE  bit  =  1),  address/data  buses  configured  to  latch  row  address  information  (EELAT 
bit>  1),  and  erase  voltage  turned  off  (EEPGM  bit^O). 

2)  WHts  to  an  addraas  in  the  EEPROM  row  to  be  araasd  (each  row  ia  16  bytes).  This  latches  the  row  sd- 
drsssing  information  for  the  row  to  be  srsssd. 


3)  Write  xxxx  1111  to  the  PPROG  register  to  turn  on  the  erase  voltage  to  the  EEPROM  array. 

4)  Wait  for  10  milliseconds  to  allow  the  erasure  to  complete. 

5)  Write  xxxx  1110  to  the  PPROG  register  to  turn  off  the  erase  voltage. 

6)  Write  xxxx  0000  to  the  PPROG  register  to  return  the  EEPROM  to  the  normal  read  configuration. 
The  normal  procedure  for  erasure  of  a  single  byte  of  EEPROM  »: 

1)  Write  xxxl  xllO  to  the  PPROG  register.  This  specHias  the  byte  erase  mode  (BYTE  =  1;  ROW  =  x), 
erase  mode  lERASE  bK  =  1),  address/ data  buses  configured  to  latch  address  information  (EELAT 
bit  =  1),  and  erase  voltage  turned  off  (EEPGM  bitsO). 

2)  Write  to  the  addresa  in  the  EEPROM  to  be  erased  (data  is  ignored) .  This  latches  the  address  of  the  byte 
to  be  erased. 

3)  Write  xxxl  x1 1 1  to  the  PPROG  'ogister.  This  turns  on  the  erase  voltage  to  the  EEPROM  array.  EEPGM 
was  not  chartged  to  one  in  the  same  write  operation  as  the  write  that  configured  ROW,  ERASE,  attd 
EELAT  because  of  the  possibility  of  enabling  the  erase  voltage  before  the  erase  mode  specification 
was  stable. 

4)  Wait  for  10  milliseconds  to  allow  the  erasure  to  complete. 

5)  Write  xxxl  xllO  to  the  PPROG  'egister  to  turn  off  the  erase  voltage. 

6)  Write  xxxO  0000  to  the  PPROG  register  to  return  the  EEPROM  to  the  normal  read  configuration. 
2.4.4  PPROQ  Register  (EEPROM  Programming  Control) 

This  8-bit  register  (see  Figure  2-41  is  used  to  control  programming  and  erasure  of  the  512-byte  internal 
EEPROM.  Reset  clears  this  register  to  900  so  EEPROM  is  configured  for  normal  reads. 

I_038 

MW 

Figure  2-4.  EEPROM  Programming  Control  Register  (PPROG) 

Bit  7,  ODD  Used  to  Program  Odd  Rows  (TEST) 

Bit  6,  EVEN  -Used  to  Program  Even  Rows  (TEST) 

Bit  5  Not  Implemented 

Bit  4,  BYTE  Used  for  Erasing  Byres— O/errides  Bit  3 
0  =  Row  or  Bulk  S-ase 
1  =  Erase  Only  Ore  Byte 

Bit  3,  ROW  Used  for  Row  Erasing 

O^Bulk  Erase 
1  >  Row  Erase 


Bit  2,  ERASE  Enables  the  Erase 

0  =  Normal  Read  or  Program 
1  =  Erase  Mode 

Bit  1,  EELAT  EEPROM  Latch  Control 

0  =  EEPROM  Address  and  Data  Configured  for  Read 
1  =  EEPROM  Address  and  Data  Configured  for  Programming 

Bit  0,  EEPGM  Program  Command 
0  =  Switched  Off 
1  =  Turned  On 

2.4.5  RAM 

The  2S6  byte  internal  RAM  may  be  positioned  in  the  memory  map  during  initialization  by  writing  to  the  INIT 
control  register.  The  reset  default  position  is  $0000  through  $00FF.  RAM  is  implemented  with  static  ceils 
and  retains  its  contents  during  the  WAIT  and  STOP  modes. 

2.4.6  Internal  Registers 

There  are  64  internal  registers  which  are  used  to  control  dte  operation  of  the  MC68HC1 1 A8.  These  registers 
can  be  remapped  in  the  memory  space  on  4K  boundaries  using  the  INIT  register.  Refer  to  Table  2-3  (found 
on  a  foldout  page  at  the  back  of  this  document)  for  a  complete  list  of  the  registers.  Most  of  the  registers  are 
explained  throughout  the  text. 

2.4.7  INIT  Ragletar  (RAM  and  I/O  Mapping) 

This  special  purpose  8-bit  register  (see  Figure  2-S)  is  used  (optionally)  during  initialization  to  change  the 
default  locations  of  RAM  and  internal  registers  in  the  MCU  memory  map.  It  may  be  written  to  only  once 
wethin  the  initial  64  E  cycles  after  a  reset  and  thereafter  becomes  a  read-only  register. 
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Figure  2-5.  RAM  and  I/O  Mapping  Register  (INIT) 


The  default  starting  address  for  internal  RAM  is  NXXX)  and  the  default  starting  address  of  the  64  byte  inter¬ 
nal  register  space  is  $1000  (the  INIT  register  is  initialized  to  $01  by  reset).  The  upper  four  bits  of  the  INIT 
register  specify  the  starting  address  for  the  internal  2S6  byte  RAM  and  the  lower  four  bits  of  INIT  specify  the 
starting  address  for  the  64  byte  internal  register  space.  Ihe  four  bits  reflect  the  upper  nibble  of  the  16-bit. 


Note  that  if  the  RAM  is  repositioned  to  $E000  or  $FOOO  so  that  it  conflicts  with  the  internal  ROM  (no  conflict 
if  in  "No  ROM"  mods),  than  the  RAM  takes  higher  priority  and  the  conflicting  ROM  becomes  inaccessible. 
Also,  if  the  64-byte  internal  register  space  is  repositioned  so  that  it  conflicts  with  the  RAM  ar>d/or  ROM, 
then  the  register  space  takes  highest  priority  and  the  RAM  and/or  ROM  become  inaccessible. 


SECTION  3 

RESETS,  INTERRUPTS,  AND  LOW  POWER  MOOES 


This  section  provides  a  description  of  the  resets,  interrupts,  and  low  power  modes  for  the  MC68HC11A8. 

3.1  RESETS 

The  MC68HC11A8  has  four  possible  types  of  reset:  an  active  low  external  reset  pin  (RESET),  a  power-on 
reset  function,  a  computer  operating  property  (COP)  watchdog  timer  reset,  and  a  dock  monitor  reset. 

3.1.1  RESET  Pin 

The  RESET  pin  is  used  to  reset  the  MCU  to  provide  an  orderly  software  startup  procedure.  When  the 
RESET  pin  goes  low,  it  is  held  low  by  an  internal  device  for  four  E  cycles,  then  released,  and  two  E  cydes 
later  it  is  sampled.  If  the  pin  is  low,  it  means  that  an  external  reset  has  occurred.  If  the  pin  is  high,  it  means 
that  the  reset  was  initiated  internally  by  the  watchdog  timer  (COP)  or  the  dock  monitor  (refer  to  Figure  3-1 ). 
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Figure  3>1.  Reset  Timing 
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3.1.2  Pow«r>On  Rasat 


The  power-on  reset  occurs  when  a  positive  transition  is  detected  on  VqO-  The  power-on  reset  is  used 
strictly  for  power  turn-on  conditions  and  should  not  be  used  to  detect  any  drops  in  power  supply  voltage. 
The  power-on  circuitry  provides  for  a  4064  cycle  time  delay  from  the  time  of  the  first  oscillator  operation.  In 
a  system  where  E  =  2  MHz,  POR  lasts  about  2  milliseconds.  If  the  system  power  supply  rise  time  is  more 
than  2  milliseconds,  an  external  reset  circuit  should  be  used.  If  the  external  RESET  pin  is  low  at  the  end  of 
the  power-on  delay  time,  the  processor  remains  in  the  reset  condition  until  the  RESET  pin  goes  high. 

CPU  After  reset,  the  CPU  fetches  the  restart  vector  from  $FFFE  and  $FFFF  ($BFFE  and  $BFFF 

if  in  special  bootstrap  mode)  during  the  first  three  cycles  after  reaat,  and  begins  executing 
instructions.  The  stack  pointer  and  other  CPU  registers  are  indeterminate  immediately 
after  reset;  however,  the  X  and  I  interrupt  mask  bits  in  the  condition  code  register  are  set 
so  interrupt  requests  are  masked.  Also,  the  S  bit  in  the  condition  code  register  is  set  so 
that  the  stop  mode  is  disabled. 

Memory  Map  After  reset,  the  INIT  register  is  initialized  to  401,  putting  the  256  bytes  of  RAM  at  40000 
and  the  internal  registers  at  41000.  The  8K-byte  ROM  and/or  the  512-byte  EEPROM  may 
or  may  not  be  preaant  in  the  memory  ntap  because  the  two  bits  that  enable  them  in  the 
CONFIG  register  are  EEPROM  cells  and  are  not  affected  by  reset  or  power  down. 

Parallel  I/O  When  reset  occurs  in  expanded  multiplexed  mode,  the  18  pins  used  by  the  paralM  I/O 
functions  are  dedicated  to  the  expattaion  bus.  If  reset  in  angle-chip  mode,  the  STAF, 
STAI,  and  HNDS  bits  in  the  paraHal  input/output  control  (PIOC)  regtotar  are  initiaNzed  to 
zeros  so  that  no  interrupt  is  pending  or  enabled,  and  the  simple  strobed  mode  (rather  than 
full  handshake  mode)  of  parriM  I/O  is  selected.  The  CWOM  bit  in  the  PIOC  is  initializod 
to  zero  (port  C  not  in  wired-OR  mode).  Port  C  is  initialized  as  an  input  port  (DDRC  =  400), 
port  B  is  a  general  purpose  output  port  with  aH  bite  initializod  to  logic  zsroe.  Port  D  bit  6  is 
the  STRA  edge-sensitive  strobe  input  and  the  active  edge  is  initWIy  configured  to  detect 
rising  edges  (EGA  bit  in  the  PIOC  set  to  one  by  reset),  and  port  D  bit  7  is  the  STRB  strobe 
output  and  is  initially  a  logic  zero  (the  INVB  bit  in  the  PIOC  is  initialized  to  logic  orte).  Port 
C,  port  D  bits  0  through  S,  port  A  bits  0, 1 . 2,  and  7,  and  port  E  are  configured  as  ganaral 
purpose  high-impedance  inputs.  Port  B  and  bits  3  through  6  of  port  A  have  their  direc¬ 
tions  fixed  as  outputs,  when  used  as  general  purpose  I/O  pins,  attd  their  reset  state  is  a 
logic  zero. 

Taner  During  reaat,  the  timer  system  is  initialized  to  a  count  of  4(X)00.  The  praecaier  bits  are  sat 

to  0:0,  and  ali  output  compare  registare  are  initialized  to  4FFFF.  AN  input  capture  regiaists 
are  indeterminate  after  reset.  The  output  compare  1  mask  (OC1M)  registsr  is  cleared  so 
that  successful  OC1  compares  do  not  affect  any  I/O  pins.  The  other  four  output  com- 
parea  are  configured  so  as  not  to  affect  any  I/O  pins  on  succsasful  compares.  AM  three  in¬ 
put  capture  edge-detector  circuits  are  configured  for  "capture  disabled"  operation.  The 
timer  overflow  interrupt  flag  and  an  eight  thnor  function  interrupt  flags  are  cleared  and  a> 
nine  timer  interrupts  are  disabled  since  their  mesk  bits  are  dearsd. 

Real  Tima  The  real  thne  interrupt  flag  is  deered  and  automatic  hardware  interrupts  are  maakad.  The 

Interrupt  rate  control  bits  are  cleared  after  reaat  and  may  be  initialized  by  software  before  the  real 

time  interrupt  system  is  used. 

Pulsa  The  pulse  accumulator  systsm  is  disabled  at  reset  so  that  the  PAI  input  pin  defaults  to 

Accumulator  being  a  general  purpoea  input  pin. 


COP 


The  COP  watchdog  «ytt«m  is  snabtod  if  tha  NOCOP  control  bit  in  the  system  configura¬ 
tion  control  ragistor  (EEPROM  caH)  is  dear,  and  diaabiad  if  NOCOP  ia  sat.  Tha  COP  rata  la 
sat  for  tha  shortaat  duration  timeout. 


SCI  Serial  I/O  Tha  rasat  condition  of  tha  SCI  system  is  independent  of  tha  operating  mode.  At  reset,  tha 
SCI  baud  rate  is  indeterminate  and  must  be  establiahed  by  a  software  write  to  tha  BAUD 
register.  All  transmit  and  receive  interrupts  are  masked  and  both  the  transmitter  srtd 
receiver  are  disabled  so  the  port  pins  default  to  being  general  purpose  I/O  lines.  The  SCI 
frame  format  is  initialized  to  8-bit  word  size.  Tha  send  break  and  receiver  wake  up  func¬ 
tions  are  disabled.  The  TORE  and  TC  status  bits  in  the  SCI  status  registar  are  both  set,  in¬ 
dicating  that  there  is  no  transmit  data  in  either  tha  traramit  data  registar  or  the  transmit 
serial  shift  register.  The  RORF,  IDLE,  OR,  NF,  and  FE  receive-related  status  bits  are  all 
cleared. 

SPI  Serial  I/O  The  SPI  system  ia  disabled  by  reset.  The  port  pins  associated  with  this  function  default  to 
being  general  purpose  I/O  lines. 

A  to  D  The  A/D  system  configuration  at  reset  is  indetanninats. 

System  The  EEPROM  programming  controls  are  aH  disabled  ao  the  memory  system  is  configured 

for  normal  read  operation.  The  highest  priority  I  interrupt  defaults  to  beirtg  the  extarrtal 
pin  by  PSEL3-PSEL0  equal  to  0:1:0:1.  Tfie  IRQ  interrupt  pin  is  configured  for  level 
sanaitiva  operation  (for  wini^R  systems).  The  RBOOT,  SMOD,  and  MDA  bits  in  the 
HPRIO  registar  reflect  the  status  of  the  MODB  and  MODA  inputs  at  the  rising  edge  of 
reset.  The  OLY  control  bit  is  set  to  specify  that  an  oadHator  start-up  delay  is  imposed 
upon  recovery  from  STOP  mode.  The  dock  monitor  system  is  disablad  by  CME  equal 
zero. 


3.1.3  Computer  Operating  Properly  (COP)  Reset 

The  watchdog  timer,  if  not  reset  within  a  specific  time  by  a  COP  reeat  sequence,  will  gerterate  an  MCU 
raaet  and  drive  the  RESfeT  pin  low  to  reset  tha  external  system. 

3.1.4  Cloek  MonHor  Reset 

The  dock  monitor  circuit,  if  enabled,  measures  the  E-dock  frequency.  If  the  E-dock  sigrrel  is  lost,  oritsfre- 
quettcy  falls  below  about  200  kHz,  then  an  MCU  reset  is  generated,  and  the  RESET  pin  is  driven  low  to  reset 
the  external  system. 

3.2  INTERRUPTS 

When  an  axtarrwl  or  internal  (hardware)  interrupt  occurs,  the  interrupt  is  not  sarvicad  until  the  current  in¬ 
struction  being  executed  is  completed.  Until  the  current  instruction  is  complete,  the  interrupt  is  considared 
pending.  After  completion  of  current  instruction  execution,  unmasked  interrupts  may  be  serviced  in  ac- 
cordance.with  an  asMblished  fixed  hardware  priority  drcuit;  however,  one  I  bit  related  interrupt  source  may 
be  dynamicaly  elevated  to  the  highest  I  bit  priority  position  in  the  circuit. 

Seventeen  hardware  interrupts  and  one  software  interrupt  (excluding  reset  type  interrupts)  can  be 
generated  from  aH  of  the  possible  sources.  The  interrupts  can  be  divided  into  two  basic  categories, 
maskable  and  non-maskable.  In  the  MC6BHC1 1  AS  fifteen  of  the  irrtemipta  can  be  masked  using  the  condi- 
tion  cods  register  I  bit.  In  addition  to  being  maskable  by  the  I  bit  in  the  condition  code  register,  all  of  dte  on- 
chip  interrupt  aouroas  are  indhriduaKy  maakabts  by  local  control  bits.  Tha  software  interrupt  (SWI 


instruction)  it  a  non-matkabie  instruction  rather  than  a  matkabla  interrupt  source.  The  last  interrupt  (exter¬ 
nal  input  to  the  XiAQ  pin)  is  considered  as  a  non-maskable  interrupt  because  once  enabled,  it  canrfot  be 
masked  by  software;  however,  it  is  masked  during  reset  and  upon  receipt  of  an  interrupt  at  the  xIRQ  pin 
Tables  3-1,  3-2,  and  3-3  provide  a  list  of  each  interrupt,  its  vector  location  in  ROM,  and  the  actual  condition 
code  and  control  bits  that  mask  it.  A  discussion  of  the  various  interrupts  is  provided  below. 


Table  3-1.  Interrupt  Vector  Assignments 
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Teble  3-2.  SCI  Serial  System  Interrupts 
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Teble  3-3,  IRQ  Vector  Interrupts 
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3.2.1  Software  Intarrupt  (SWM 

Tba  software  interrupt  is  executed  the  seme  ee  any  other  instruction  and  wM  take  precedence  over 
interrupts  only  if  the  other  interrupts  are  rrreaked  (I  and  X  bits  in  the  condition  code  register  set).  The  SWI 
instruction  is  executed  similar  to  other  maskable  interrupts  in  that  it  sets  the  I  bit,  CPU  registers  are  stacked, 
etc. 

NOTE 

The  SWI  instruction  cannot  be  fetched  as  long  as  another  intarrupt  is  perKling  execution. 
However,  once  it  is  fetched  no  other  interrupt  can  be  honored  until  the  first  instruction  in  the 
SWI  service  routine  is  completed. 

3.2.2  Illegal  Opcode  Trap 

Since  not  aH  poaaible  opcodes  or  opcode  sequences  are  defined,  an  illegal  opcode  detection  circuit  has 
been  included  in  the  MC0BHC11A8.  When  an  illegal  opcode  is  detected,  an  interrupt  is  requested  to  the 
Megai  opcode  vector. 

3J.3  Interrupt  Meek  Bite  In  Condition  Code  Register 

Upon  reset,  both  the  X  bit  and  the  I  bit  are  sot  to  rrrask  an  interruptt.  After  minimum  system  initialization, 
software  may  dear  the  X  bit  by  a  TAP  irrstruction,  thus  enabling  XiRQ  interrupts.  Thereafter  software  can¬ 
not  set  the  X  bit  so  an  HHRO  intarrupt  is  effectively  a  non-maskablokrHrrupt.  Since  the  operation  of  the  I  bit 
related  intarrupt  structure  has  no  ef^  on  the  X  bit,  the  external  MRQ  pin  remains  effectively  non-irraaked. 
In  the  interrupt  priority  logic,  the  klAA  interrupt  would  be  a  higher  prio^  than  any  source  that  is  maskable 
by  the  I  bit.  All  I  bit  raiatad  interrupts  would  operate  nortrtally  with  their  own  priority  relationship.  When  an  I 
bit  rotated  interrupt  occurs,  the  I  bit  is  automsticaliy  set  1^  hardware  after  etadcing  the  coirdition  code 
regieler  byte,  but  the  X  bit  is  not  affected.  When  an  X  bit  related  interrupt  occurs,  both  the  X  bit  and  the  I 
bit  are  autorrwRically  sot  by  hardware  after  stacking  the  condition  code  regietor.  An  RTI  (return  from  inter¬ 
rupt)  instruction  restores  the  X  and  I  bits  to  their  pre-interrupt  request  state. 

3.2.4  Priority  Structure 

Interrupts  in  the  MC8BHC11A8  obey  a  fixed  hardware  priority  circuit  to  reoolve  simultaneous  requests; 
however,  one  I  bit  related  interrupt  source  may  be  elevated  to  the  higheet  I  bit  priority  position  in  the  resolu¬ 
tion  circuit.  The  first  six  intarrupt  sources  are  not  maaksd  by  the  I  bit  in  the  condition  code  regiMri^  have 
the  fixed  priority  intorrupt  rdetionahip  of:  reset,  dock  monitor  fail,  COP  fal,  Regal  opcode,  and  XIRQ.  (SWI 
is  actually  an  instruction  and  has  higheet  priority  other  than  reset  in  the  sense  that  orKs  the  SWI  opcode  is 
fetched,  no  other  interrupt  can  be  honored  until  the  SWI  vector  has  been  fetched).  Each  of  these  sources  is 
an  input  to  the  priority  resolution  dreuit.  The  higheet  I  bit  masked  priority  input  to  the  resolution  circuit  is 
sesignsri  under  software  control  (of  the  HPRK)  registar)  to  be  connected  to  any  one  of  the  remaining  I  bit 
rdaiod  interrupt  sources.  In  order  to  avoid  timing  racae,  the  HPRIO  register  may  only  be  written  while  the  I 
bit  ralBtad  interrupts  are  inhibited  (I  bit  in  condition  code  register  is  a  logic  one).  An  intsnupt  that  is  as¬ 
signed  to  this  high  priority  position  is  stW  subject  to  masking  by  any  associated  control  bits  or  the  I  bit  in  the 
condWon  code  register.  The  interrupt  vector  address  is  not  affected  by  assigning  a  source  to  this  higher 
priority  position. 

Hgure  3-2  summarizes  the  priority  structure  and  additional  mask  conditions  that  lead  to  recognition  of  inter- 
rupt  requests  in  the  MC6BHC11A8. 


Rgur*  3-2.  MCMHC11A1  lnt*mtpt  Stnietur*  nowehart  (ShMt  1  of  3) 


Figura  3-2.  MCMHCIIAS  Interrupt  Structure  Flowchert  (Sheet  3  of  3) 


3.2.5  Highest  Priority  I  Interrupt  Register  (HPRiO) 

This  8-bit  register  (Figure  3-3)  is  used  to  select  one  of  the  I  bit  related  interrupt  sources  to  be  elevated  to  the 
highest  I  bit  masked  position  in  the  priority  resolution  circuit.  In  addition,  four  miscellaneous  system  control 
bits  are  included  in  this  register. 

B7  B6  BS  B4  83  B2  Bl  BO 

l_03C 

Figure  3-3.  Highest  Priority  I  Interrupt  Register  (HPRIO) 

B7,  RBOOT  The  read  bootstrap  ROM  bit  only  has  meaning  when  the  SMOO  bit  is  a  logic  one  (special 
bootstrap  mode  or  special  test  mode).  At  all  other  times,  this  bit  reverts  to  its  logic  zero 
disabled  state  and  may  not  be  written. 

When  set,  upon  reset  in  bootstrap  mode  only,  the  small  bootstrap  loader  program  is  en¬ 
abled.  When  clear,  by  reset  in  the  other  three  modes,  this  ROM  is  disabled  and  accesses  to 
this  area  are  treated  as  external  accassas. 

B6,  SMOO  The  special  mode  write-only  bit  reflects  the  status  of  the  MODB  input  pin  at  the  rising  edge 
of  reset.  It  is  set  if  the  MOOB  pin  is  at  or  above  1 .8  times  Voo  volts  during  reset.  Otherwise, 
it  is  cleared  or  under  software  control  from  the  special  modes. 

BS,  MDA  The  mode  select  A  bit  reflects  the  status  of  the  MODA  input  pin  at  the  rising  edge  of  reset. 

While  the  SMOO  bit  is  a  logic  one  (special  test  or  special  bootstrap  mode  in  effect),  the  MOA 
bit  may  be  written,  thus,  changing  the  operating  mode  of  tfie  MCU.  Whan  the  SMOO  bit  is  a 
logic  zero,  the  MODA  bit  is  a  read-only  bit  and  the  operating  nwde  canrrat  be  changed 
without  going  through  a  reset  sequence. 

Table  3-4  summarizes  the  relationship  between  the  SMOO  and  MOA  bits  and  the  MODB  artd 
MODA  input  pins  at  the  rising  edge  of  reset. 


Table  3-4.  Mode  Bits  Relatiorrship 
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B4,  IRV  The  internal  read  visibility  bit  is  used  in  the  special  modes  (SMOO  =  1 )  to  affect  visibility  of  in¬ 
ternal  reads  on  the  expansion  data  bus.  IRV  is  writable  only  if  SMOO  =  1  and  returns  to  zero 
of  SMOO  =  0.  If  the  bit  is  zero,  visibility  of  internal  reads  are  blocked.  If  the  bit  is  one,  interrtal 
reads  are  visible  on  the  external  bus. 

BS,  PSEL3  These  four  priority  select  bits  are  used  to  specify  one  I  bit  related  interrupt  source  which 
B2,  PSEL2  becomes  the  highest  priority  I  bit  related  source  (Table  35). 

Bl,  PSEL1 
BO,  PSELO 


Table  3-5.  Highest  Priority  I  Interrupt  versus  PSEL3-PSEL0 
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NOTE:  During  raw).  PSEU.  PSEL2.  PSEL1.  and  PSELO  ar*  initialuad  to 
0:1;0;t  which  corrMpond*  to  "Rwtrmd  Idofiult  to  IRQ)"  being 
the  highect  pnority  I  bit  releted  intemipt  eonice. 


3.3  LOW  POWER  MODES 

The  MC68HC11A8  MCU  contains  two  programmable  low  power  operating  modes;  stop  and  wait.  These 
two  instructions  are  discussed  below. 

3.3.1  WAIT  Instruction 

The  WAI  instruction  puts  the  MC68HC1 1 A8  in  a  low-power  mode,  keeping  the  oscillator  running.  Upon  ex¬ 
ecution  of  WAI,  the  machine  state  is  stacked  and  program  execution  stops.  The  wait  state  can  be  exited 
only  by  an  unmasked  interrupt  or  RESET.  If  the  I  bit  is  set  (interrupts  masked)  and  the  COP  is  disabled,  the 
timer  system  will  be  turned  off  to  reduce  power  consumption.  The  amount  of  power  savings  is  application 
dependent  and  depends  upon  circuitry  connected  to  the  MCU  pins  as  well  as  which  subsystems  (i.e.,  timer, 
SPI,  SCI)  are  active  when  the  WAIT  mode  is  entered. 

3.3.2  STOP  Instruction 

The  STOP  instruction  places  the  MC68HC11A8  MCU  in  its  lowest  power  consumption  mode  provided  the 
S  bit  in  the  condition  code  register  is  clear.  In  the  stop  mode,  all  clocks  including  the  internal  oscillator  are 
stopped  causing  all  internal  processing  to  be  hatted.  Recovery  from  STOP  may  be  accomplished  by  RCSET, 
XIRd,  or  an  unmasked  IRQ.  When  the  XIRQ  is  used,  the  MCU  exits  from  the  stop  mode  regardless  of  the 
state  of  the  X  bit  in  the  condition  code  register;  however,  the  actual  recovery  sequence  differs  depending 
on  the  state  of  the  X  bit.  If  the  X  bit  is  a  logic  zero,  the  MCU  starts  up  with  the  stacking  sequence  leading  to 
normal  service  of  the  XIRQ  request.  If  the  X  bit  is  a  logic  one,  then  processing  will  continue  with  the  in- 
struction  immediately  following  the  STOP  instruction  and  rro  XIRd)  interrupt  service  routine  is  requested.  A 
RESeT  will  always  resuh  in  an  exit  from  the  stop  mode,  and  the  start  of  MCU  operation  is  determined  by 
the  reset  vector. 

Since  the  oscillator  is  stopped  in  the  stop  mode,  a  restart  delay  of  4064  cycle  times  may  be  required  to  allow 
for  oscillator  stabilization  when  exiting  from  the  stop  mode.  If  the  internal  oscillator  is  being  used,  this  delay 
is  required;  however,  if  a  stable  external  oscillator  is  being  used,  a  control  bit  in  the  OPTION  register  may  be 
used  (OLY  =  0)  to  give  a  delay  of  four  cycles. 


SECTION  4 

PARALLEL  I/O  AND  SYSTEM  CONFIGURATION 


4.1  PARALLEL  I/O 

Th«  MC68HC1 1  AS  indudea  401/0  pins  in  five  8-bit  ports.  All  of  these  pins  serve  multiple  furunions  depertd- 
ing  on  the  operating  mode  and  several  internal  control  registers.  This  section  explains  the  operation  of 
these  pins  only  when  they  are  used  as  parallel  I/O  pins. 

Ports  C  and  0  may  be  used  as  general  purpose  input  and/or  output  pins,  as  specified  by  the  data  direction 
registers  OORC  and  OORO.  Ports  A,  B,  and  E,  ^h  the  exception  of  port  A  bit  7,  have  fixed  data  direction 
and  do  not  require  a  DOR  control  register.  Ports  B  and  C,  and  bits  6  and  7  of  port  D,  may  be  used  for  special 
strobed  and  handshake  modes  of  parallel  I/O,  as  well  as  for  general  purpose  I/O. 

4.1.1  General  Purpose  I/O  (Ports  C  and  D) 

As  general-purpose  I/O  lines,  each  bit  has  an  associated  bit  in  a  PORTx  data  register  and  a  bit  in  ihe  cor¬ 
responding  position  in  a  OORx  register.  The  DORx  is  used  to  specify  the  primary  direction  of  data  on  the 
I/O  pin.  When  a  bit  which  is  configured  for  output  is  read,  the  value  returned  is  the  value  at  the  input  to  the 
pin  driver.  When  a  line  is  configured  as  an  input,  by  clearing  the  DDRx  bit,  the  pin  becomes  a  high  im¬ 
pedance  input,  if  a  write  is  executed  to  a  line  that  a  configured  as  an  input,  the  value  does  not  affect  the 
I/O  pin.  but  the  bit  is  stored  in  an  internal  latch  so  that  if  the  line  is  later  reconfigured  as  an  output,  then  this 
value  appears  at  the  I/O  pin. 

Note  that  bits  6  and  7  of  port  0  are  dedicated  to  bus  control  (AS  and  R/W)  while  in  expanded  mode,  or 
paraHel  I/O  strobes  (STRA  and  STRB)  while  in  single  chip  modes.  For  this  reason,  bits  6  and  7  of  port  D  are 
not  available  as  general  purpose  I/O  lines  and  the  associated  bits  in  the  DDRD  and  PORTD  registers  are  not 
implemented. 

4.1.2  Rxed  Direction  I/O  (Ports  A,  B,  and  E) 

The  pins  for  ports  A,  B,  and  E,  except  for  port  A  bit  7,  have  fixed  data  directions  and  do  not  need  data 
cKraction  registers.  When  port  B  is  being  used  for  general  purpose  outputs,  it  is  configured  for  output-only 
and  reada  return  the  levels  sensed  at  the  input  of  the  pin  drivers.  When  port  A  is  beirtg  used  for  general  pur¬ 
pose  I/O,  bits  0,  1,  and  2  are  configured  for  input-only  and  writes  to  these  bits  have  no  meaning  or  effect. 
Bits  3, 4,  5,  and  6  of  port  A  are  configured  for  output-only  when  used  for  general  purpose  I/O,  and  reads  of 
these  bitsTetum  the  levels  sensed  at  the  inputs  to  the  pin  drivers.  Port  A  bit  7  (PA7)  can  be  configured  as  a 
general-purpose  I/O  using  the  00RA7  bit  in  the  PACTL  register.  Port  E  contains  the  eight  A/D  channel  in¬ 
puts,  but  these  pins  may  also  be  used  as  general  purpose  digital  inputs.  Writes  to  the  PORTE  address  have 
no  meaning  or  effect. 


4.1.3  Stmpla  Strobed  I/O 

The  simple  strobed  mode  of  parallel  I/O  is  invoked  and  controlled  by  the  PIOC  control  register.  This  mode  is 
selected  when  the  HNOS  bit  in  the  PIOC  control  register  is  clear.  It  forces  port  C  to  be  a  strobed  input  port 
with  port  D  bit  6  as  the  edge-detecting  latch  command  input  (STRA  pin).  Also,  port  B  becomes  a  strobed 
output  port  with  port  D  bit  7  as  the  output  strobe  (STRB  pin).  The  logic  sense  of  the  STRB  output  is 
selected  by  the  INVB  control  bit. 

4. 1.3.1  STROBED  INPUT  PORT  C.  In  this  mode,  there  are  two  addresses  where  port  C  may  be  read, 
PORTC  data  register  and  PORTCL  latch  register.  The  OORC  register  still  controls  the  data  direction  of  all 
port  C  pins.  Even  when  the  strobed  input  mode  is  selected,  any  or  all  of  the  bits  in  port  C  may  still  be  used 
as  general  purpose  I/O  lines. 

STRA  (port  D  bit  6)  is  used  as  an  edge-detecting  input,  and  either  falling  or  rising  edges  may  be  specified  as 
the  significant  edge  by  use  of  the  EGA  bit  in  PIOC.  Whenever  the  selected  active  edge  is  detected  at  the 
STRA  pin,  the  current  logic  levels  at  port  C  are  latched  into  the  PORTCL  register  and  the  strobe  A  flag 
(STAR)  bit  in  PIOC  is  sat.  If  the  STAI  bit  in  PIOC  is  also  set,  an  internal  interrupt  sequence  is  requested  to 
the  IRQ  vector.  The  STAR  flag  is  automatically  cleared  by  reading  the  Plf^C  register  (with  STAR  sat)  fol¬ 
lowed  by  a  read  of  the  PORTCL  register.  Data  is  latched  in  the  POR'^^l  legister  whether  or  not  the  STAR 
flag  was  previously  clear. 

4.1. 3.2  STROBED  OUTPUT  PORT  B.  In  this  mods,  port  D  bit  7  (STRB)  is  a  strobe  output  which  is  pulsed 
for  two  E  periods  each  time  there  is  a  write  to  port  B.  The  'NVB  bit  in  PIOC  controls  the  polarity  of  the  pulse 
out  of  the  STRB  pin. 

4.1.4  Full  Handshake  I/O 

The  full  handshake  modes  of  parallel  I/O  involve  port  C  and  bits  6  and  7  of  port  0.  There  are  two  basic 
modes  (input  and  output)  and  an  additional  variation  on  the  output  handshake  mode  that  allows  for  three- 
stated  operation  of  port  C.  in  all  handshake  modes,  port  0  bit  6  (STRA)  is  an  edge-detecting  input,  and 
port  0  bit  7  (STRB)  is  a  handshake  output  line. 

When  full  input  handshake  protocol  is  specified,  both  general  purpose  input  and/or  general  purpose  output 
can  coexist  at  port  C.  When  full  output  handshake  protocol  is  specified,  general  purpose  output  can  coexist 
with  the  handshake  outputs  at  port  C,  but  the  three-state  feature  of  the  output  handshake  mode  imerferes 
with  general  purpose  input  in  two  ways.  Rirst,  in  full  output  handshake,  the  port  C  pirts  are  forced  to  be 
driven  outputs  whenever  STRA  is  at  its  active  level  regardless  of  the  DDRC  bits.  This  potentially  conflicts 
with  any  device  trying  to  drive  port  C  unless  the  external  device  has  an  open-drain  type  output  driver.  Sec¬ 
ond,  the  value  returned  on  reads  of  port  C  is  the  state  of  the  outputs  of  an  internal  port  C  output  latch 
regardless  of  the  states  of  the  OORC  bits,  so  that  the  data  written  for  output  handshake  can  be  read  even  if 
the  pins  are  in  a  three-state  condition. 

4.1.4.1  INPUT TfANOSHAKE  PROTOCOL.  In  the  input  handshake  scheme,  port  C  is  a  latchmg  input 
port,  port  D  bit  6  (STRA)  is  an  edge-sensitive  latch  command  from  the  external  system  that  is  drivirtg  port 
C,  and  port  0  bit  7  (STRB)  is  a  "READY"  output  line  controlled  by  logic  in  the  MCU. 

When  a  ready  condition  is  recognized,  the  external  device  places  data  on  the  port  C  inputs,  then  pulsae  the 
STRA  input  to  the  MC68HC11A8.  The  active  edge  on  the  STRA  line  latches  the  port  C  data  into  the 
PORTCL  register,  sets  the  STAR  flag  (optiortally  causing  an  interrupt),  artd  deassarts  the  STRB  lirte. 
OsBssartion  of  the  STRB  line  sutomatically  inhibits  the  external  davics  form  strobing  new  data  into  port  C. 


Reading  the  PORTCL  latch  register  (independent  of  clearing  the  STAF  flag)  causes  the  STRB  line  to  be 
asserted  indicating  that  new  data  may  now  be  strobed  into  port  C. 


The  STRB  line  can  be  configured  (with  the  PLS  control  bit)  to  be  a  pulse  output  (pulse  mode)  or  a  static 
output  (interlocked  mode). 

The  port  C  data  diraction  register  bits  should  be  cleared  (input)  for  each  bit  that  is  to  be  used  as  a  latched 
input  bit.  However,  some  port  C  bits  can  be  used  as  latched  inputs  with  the  input  handshake  protocol 
while,  at  the  same  time,  using  some  port  C  bits  as  static  inputs,  and  some  port  C  bits  as  static  output  bits. 
The  input  handshake  protocol  has  no  effect  on  the  use  of  port  C  bits  as  static  inputs  or  as  static  outputs. 
Reads  of  the  PORTC  register  always  return  the  static  logic  level  at  the  port  C  pins  (for  lines  configured  as 
input  by  OORC  bit  =  0).  Writes  to  either  the  PORTC  address  or  the  PORTCL  address  send  information  to 
the  port  C  output  register  without  affecting  the  input  handshake  strobes. 

4.1.4.2  OUTPUT  HANDSHAKE  PROTOCOL.  In  the  output  hartdshaka  scheme,  port  C  is  an  output  port, 
port  0  bit  7  (STRB)  is  a  "READY"  output,  and  port  D  bit  6 ISTRA)  is  an  edge-sensitive  acknowledge  input 
signal,  indicating  that  port  C  output  data  has  t>een  accepted  by  the  external  device.  In  a  variation  of  this 
output  handshake  operation,  port  D  bit  6  (STRA)  is  also  used  as  an  output  enable  input,  as  well  as  an  adge- 
senaitive  acknowladga  input. 

The  MC68HC11A8  places  data  on  the  port  C  output  lines  and  then  indicates  stable  data  is  available  by 
automatically  assarting  the  STRB  line.  The  external  device  then  processes  the  available  data  and  pulses  the 
STRA  input  to  indicate  that  new  data  may  be  placed  on  the  port  C  output  lines.  The  active  edge  on  STRA 
causes  the  STRB  line  to  be  automatically  deasserted  and  the  STAF  status  flag  to  be  sat  (optionally  causing 
an  inteirupt).  In  response  to  STAF  being  set,  the  program  transfers  new  data  out  on  port  C  as  required. 
Placing  the  data  in  PORTCL  asserts  the  STRB. 

There  is  a  variation  to  the  output  handshake  protocol  that  allows  three-state  operation  of  port  C.  It  is  possi¬ 
ble  to  directly  interconnect  this  8-bit  parallel  port  to  other  8-bit  three-state  devices  with  no  extra  external 
parts. 

While  the  STRA  input  pin  is  inactive,  all  port  C  bits  obey  the  data  direction  specified  by  DDRC  so  that  bits 
which  are  configured  as  inputs  are  high  impedance.  When  the  STRA  input  is  activated,  all  port  C  lines  are 
forced  to  outputs  regardless  of  the  data  in  OORC.  Note  that  in  output  handshake  mode,  reads  of  port  C 
always  return  the  value  sensed  at  the  input  to  the  output  buffer  regardlers  of  the  state  of  the  OORC  bits 
because  the  pins  would  rtot  necessarily  have  meaningful  data  on  them  in  the  thrae-state  variation  of  this 
mode.  This  operation  makes  it  impossible  to  use  some  port  C  bits  as  static  inputs,  while  using  others  os 
handshake  outputs,  but  does  not  interfere  with  the  use  of  soitw  port  C  bits  as  static  outputs.  Port  C  bits  in- 
tarufed  as  static  outputs  or  normal  handshake  outputs  should  have  their  corresponding  DDRC  bits  set.  attd 
bits  intended  as  three-stats  handshake  outputs  should  have  their  corresponding  DDRC  bits  clear. 

4. 1.4.3  PARALLEL  I/O  CONTROL  REGISTER  (PIOC) 

The  parallel  handshake  I/O  functions  are  available  only  in  the  single-chip  mode.  PIOC  is  s  read /write 
register  except  bit  7  which  is  read  only  (see  Figure  4-1). 
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Rgure  4-1.  Parallel  I/O  Control  Register  (PIOC) 


Bit  7,  STAF  Strobe  A  Interrupt  Status  Flag.  This  bit  is  set  when  a  selected  edge  of  strobe  A  occurs. 

Clearing  it  depends  on  the  state  of  HNDS  and  OIN  bits  (Table  4-1).  STAF  is  cleared  by 
reset. 


Table  4-1.  STAF  Bit  Clearing  Conditions 
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Reading  PIQC  twith  STAF  Set)  Followed  by  e  Reed  of  PORTCL 
Reeding  PtOC  (witb  STAF  Set)  Followed  by  a  Reed  of  PORTCL 
Reeding  PIOC  (with  STAF  Set)  Followed  by  a  Write  to  PORTCL 

Bit  6,  STAI  Strobe  A  Interrupt  Enable  Mask.  When  this  bit  is  set  and  the  I  bit  in  the  condition  code 
register  is  clear,  STAF  (when  sat)  will  request  an  interrupt.  STAI  is  cleared  by  reset. 

Bit  5,  CWOM  Port  C  Wire-OR  Mode.  When  clear,  port  C  operates  normally.  When  set,  port  C  behaves  as 
open-drain  outputs.  CWOM  is  cleared  by  reset. 

Bit  4,  HNDS  Handshake  Mode.  When  clear,  strobe  A  acts  as  a  simple  input  strobe  to  latch  data  into 
PORTCL,  and  strobe  B  acts  as  a  simple  output  strobe  which  pulses  after  a  write  to  port  B. 
Whan  set,  a  handshake  protocol  involving  port  C,  STRA,  and  STRB  is  selected  (see  the 
definition  for  the  OIN  bit). 

Bit  3,  OIN  Output  or  Input  Handshaking.  This  bit  has  no  meaning  when  HNDS  =  0.  When  clear,  input 
handshake  mode  is  selected.  When  set,  output  handshake  mode  is  selected.  OIN  is  clewed 
by  reset. 

Bit  2,  PLS  Pulse/ Interlocked  Handshake  Operation.  This  bit  has  no  meaning  if  HNDS=0.  When 
clear,  interlocked  handshake  operation  is  selected.  In  this  mode  strobe  B,  once  activated, 
stays  active  until  the  selected  edge  of  strobe  A  is  detected.  When  set,  strobe  B  is  pulsed  for 
two  E  cycles.  This  bit  is  undefined  coming  out  of  reset. 

Bit  1,  EGA  Active  Edge  for  Strobe  A.  When  clear,  falling  edge  of  STRA  is  selected.  When  output 
handshake  is  selected,  port  C  bits  obey  the  DDRC  while  STRA  is  low,  but  port  C  is  forced 
to  output  when  STRA  is  high. 

When  set,  rising  edge  of  STRA  is  selected.  When  output  handshake  is  selected,  port  C  bits 
obey  the  OORC  while  STRA  is  high,  but  port  C  is  forced  to  output  when  STRA  is  low.  This 
bK  is  set  by  reset. 

Bit  0,  INVB  Invert  Strobe  B.  When  dear,  the  active  level  on  strobe  B  is  a  logic  zero.  When  set,  the  ac¬ 
tive  level  on  strobe  B  is  a  logic  orte.  It  is  set  by  reset. 


4.2  SYSTEM  CONFIGURATION 

The  MCSBHCIIAB  allows  an  end  user  to  configure  the  MCU  system  to  his  specific  requirements  through 
the  use  of  hardwired  options  such  as  the  mode  select  pins,  semi-permanent  EEPROM  control  bit  specifica- 
tiens  (CONFIG  register),  or  by  use  of  internal  software  control  registers.  The  CONFIG  control  register  (see 
Figure  4-2)  is  implemented  in  EEPROM  cells  and  controls  the  presence  of  ROM  and  EEPROM  in  the 
memory  map,  as  well  as  the  COPON  COP  watchdog  system  enable.  An  optional  security  feature  is  available 
intended  to  allow  user  protection  of  data  in  MC68HC11A8  EEPROM  and  RAM. 


Figure  4-2.  System  Configuretion  Comrol  Ragletar  (CONFIG) 


Bits  7,  6, 

5,  and  4— Not 

Implemented  These  bits  are  not  implemented.  They  read  as  logic  zeros. 

Bit  3— NOSEC  Security  Mode  Option  Bit.  When  the  security  mask  option  is  specified,  this  bit  can  be 
used  to  enable  a  software  antitheft  mechanism.  When  cleared,  this  bit  forces  the  MDA 
mode  control  bit  to  zero  so  that  only  single-chip  modes  of  operation  can  be  selected.  If 
the  bit  is  cleared  when  the  MCU  is  reset  in  the  special  bootstrap  mode,  EEPROM  and 
RAM  are  erased  before  the  boot  loading  process  continues. 

Bit  2— NOCOP  COP  System  OFF.  When  this  bit  is  clear,  the  COP  watchdog  forced  reset  function  is 
enabled.  When  this  bit  is  set,  the  COP  watchdog  circuit  is  disabled. 

Bit  1  —  ROMON  Enable  On-Chip  ROM  Select  Bit.  When  this  bit  is  clear,  the  8K  internal  ROM  is  dis¬ 
abled,  and  that  memory  space  becomes  externally  acMsaed  space. 

BitO— EEON  Enable  On-Chip  EEPROM  Select  Bit.  When  this  bit  is  clear,  the  512-byte  internal 
EEROM  is  disabled,  and  that  memory  space  becomes  externally  accessed  space. 

4.3  PROGRAMMING  AND  ERASURE  OF  THE  CONFIG  REGISTER 

SiTKe  the  CONFIG  register  is  implemented  with  EEPROM  cells,  special  provisions  must  be  made  to  erase 
and  program  this  register.  The  normal  EEPROM  control  bits  in  the  PPROG  register  are  used  for  this  pur¬ 
pose.  The  programming/erasure  procedures  for  the  CONFIG  register  are  described  in  2.4.3  Program¬ 
ming/Erasing  Internal  EEPROM. 


SECTION  5 

SERIAL  COMMUNICATIONS  INTERFACE  (SCI) 


This  taction  contains  a  description  of  the  serial  communications  interface  (SCI). 

5.1  OVERVIEW  AND  FEATURES 

A  full-duplex  aaynchronous  Serial  Communications  Interface  (SCI)  is  provided  with  a  standard  NRZ  format 
(one  start  bit,  ai^t  or  nirM  data  bits,  and  one  stop  bit)  and  a  variety  of  baud  rates.  The  SCI  transmittar  and 
receiver  are  functiortaNy  independent,  but  uae  the  same  data  format  and  bit  rate.  "Baud"  and  "bit  irate"  are 
used  syrwnymoualy  in  the  following  deecription. 

SCI  Two-Wire  System  Features 

•  Standard  NRZ  (marfc/apace)  format. 

•  Advanced  error  detection  method  indudee  noise  detection  for  noise  duration  of  up  to  1/16  bit  time. 

•  FuN-duplex  operation. 

•  Software  programmable  for  one  of  32  different  baud  rates. 

•  Software  selectable  word  length  (eight  or  nine  bit  words). 

•  Separate  transmitter  and  receiver  enable  bits. 

•  Capable  of  beirtg  interrupt  driven. 

•  Four  separate  enable  bits  available  for  interrupt  control. 

SCI  Receiver  Features 

•  Receiver  wake-up  function  (idio  or  address  bit). 

•  kMa  line  detect. 

•  Framing  error  detect. 

•  Noise  detect. 

•  Overrun  detect. 

•  Receiver  data  register  fun  flag. 

SCI  Trarwmitter  Features 

•  Transmit  dafo  register  empty  flag. 

•  Transmit  complete  flag. 

•  Send  break. 


S.2  DATA  FORMAT 


Receive  data  (RxD)  or  transmit  data  (TxDi  is  the  serial  data  which  is  transferred  to  the  internal  data  bus 
from  the  input  pin  (RxD),  and  from  the  internal  bus  to  the  output  pin  ITxD).  Data  format  is  as  shoyvn  for  the 
NRZ  in  Figure  5-1  and  must  meet  the  following  criteria: 

1)  The  idle  line  is  in  a  high  (logic  one)  state  prior  to  transmisaion/ recaption  of  a  message. 

2)  A  start  bit  (logic  zero)  is  transmitted /racaiver  indicating  the  start  of  a  message. 

3)  The  data  is  transmitted  and  received  least-significant-bit  first. 

4)  A  stop  bit  (high  in  the  tenth  or  eleventh  bit  position)  indicates  the  byte  is  complete. 

5)  A  break  is  defined  as  the  transmission  or  reception  of  a  low  (logic  zero)  for  at  least  one  complete  frame 
time. 
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Figure  &-1.  Data  Format 

5.3  WAKE-UP  FEATURE 

An  inactive  SCI  may  be  re-enabled  by  two  different  methods.  In  the  first  method,  an  SCI  receiver  is  re¬ 
enabled  by  an  idle  strmg  of  at  least  ten  (or  eleven)  consecutive  ones.  The  second  wake-up  method  allows 
the  user  to  insert  a  logic  one  as  the  most  significant  data  bit  (eighth  or  ninth  bit)  of  the  transmit  data  word 
which  autonsatically  wakes  up  ail  "siaepmg"  SCis. 

8.4  RECEIVE  DATA  (RxO) 

Receivo  data  (RxD)  is  the  serial  data  which  is  presented  from  the  input  pin  via  the  SCI  to  the  interrral  bua. 
The  receiver  docks  the  input  at  a  rate  equal  to  16times  the  baud  rats.  This  IStimee  higher-than-baud  rate  is 
referred  to  as  the  RT  rate. 

Once  a  valid  start  bit  is  detected,  the  start  bit,  each  data  bit,  and  the  stop  bit  are  sampled  three  tirTroa  at  RT 
intervals  8  RT,  9  RT,  and  10  RT  (1  RT  is  the  position  where  the  bit  is  expected  to  start),  as  shown  in  Figure 
5-2.  The  value  of  the  bit  is  determined  by  voting  logic  which  takas  the  value  of  the  majority  of  samples. 
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Figure  8-2.  Sampling  Technique  Used  on  All  Bite 
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8.8  START  BIT  DETECTION 

When  the  RxD  input  is  detected  low,  it  is  tested  for  three  more  sample  times  (referred  to  as  the  start  edge 
verification  samples  in  Figure  5-3).  If  at  least  two  of  these  three  verification  aamplaa  detect  a  logic  zero,  a 
valid  start  bit  has  been  detected,  otherwise  the  line  is  assumed  to  be  idle.  A  noiea  flag  is  set  if  sN  three 
verification  samplee  do  not  detect  a  logic  zero.  A  valid  start  bit  could  be  assumed  with  a  set  noise  flag 
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Figura  S-3.  Examplat  of  Start  Bit  Sampling  Taehniquaa 


If  thara  haa  baan  a  framing  arror  without  dataction  of  a  braak  110  zaroa  for  8^  format  or  11  zaroa  for  9-bit 
format),  tha  circuit  continuaa  to  oparata  aa  if  thara  actually  waa  a  atop  bit  and  the  atart  adga  will  bo  piacad- 
artificially.  Tha  laat  bit  racaivad  in  tha  data  ahift  ragistar  ia  invartad  to  a  logic  orw,  and  tha  thrae  logic  ona 
atart  quMfiara  (ahown  in  Figura  5-3)  aro  forced  imo  tha  aampla  ahift  ragiatar  during  tha  interval  whan  datac¬ 
tion  of  a  atart  bit  ia  anticipated  (aaa  Figure  5-4);  tharafora,  tha  atart  bit  will  be  accepted  no  aooner  than  it  ia 
anticipated. 
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Rgura  6-4.  SCI  ArtiRcial  Start  FoHowlitg  a  Framing  Error 


If  th«  rec«ivef  detects  thst  a  break  produced  the  framittg  error,  the  start  bit  will  not  be  artificially  induced 
and  the  receiver  must  actually  receive  a  logic  one  bit  before  start.  See  Figure  &-5. 


Figure  5-S.  SCI  Start  Bit  Following  a  Break 


6.6  TRANSMIT  DATA  (TxOI 

Transmit  data  (TxO)  is  the  serial  data  which  is  presented  from  the  internal  data  bus  via  the  SCI  artd  than  to 
the  output  pin.  The  tranamittar  gerMratas  a  bit  tnne  by  using  a  derivative  of  the  RT  dock,  thus  producmg  a 
transmission  rate  equal  to  1/16  that  of  the  receiver  sample  dock. 


6.7  FUNCTIONAL  OESCRfPTION 

A  block  diagram  of  the  SCI  is  shown  in  Figure  S^.  The  user  has  option  bits  in  serial  communications  con¬ 
trol  register  1  (SCCR1)  to  determine  the  "wake-up"  method  (WAKE  bit!  and  data  word  length  (M  bit)  of  the 
SCI.  Serial  communications  control  register  2  ISCCR2)  provides  control  bits  which  individualy 
enable/diaable  the  transmitter  or  receiver  (TE  and  RE,  respectively),  enable  system  interrupts  (TIE,  TCIE, 
(LIE)  and  provide  the  wake-up  enable  bit  (RWU)  and  the  sertd  break  code  bit  (SBK).  The  baud  rate  regiater 
bits  allow  the  user  to  select  different  baud  rates  which  may  be  used  as  the  rate  control  for  the  transmitter 
and  receiver. 

Data  transmission  is  initiated  by  a  write  to  the  aerial  communicstions  data  registor  (SCDR).  Provided  the 
transmitter  is  enabled,  data  stored  in  the  SCDR  is  transferred  to  the  trarrsmit  aerial  shift  register.  This 
transfer  of  data  sets  the  TDRE  bit  of  the  SCI  status  register  (SCSR)  artd  may  generate  an  interrupt  if  the 
transmit  interrupt  is  enabled.  The  transfer  of  data  to  the  transmit  shift  register  is  synchronized  with  the  bit 
rate  clock  (Figure  5-7).  All  data  is  transmitted  bit  zero  first.  Upon  completion  of  data  tranamiaaion,  the  TC 
(transmisaion  complete)  bit  of  the  SCSR  Is  set  (provided  no  ponding  data,  preamblo,  or  break  is  to  be  sent), 
and  an  interrupt  may  be  generated  if  the  transmit  compiete  interrupt  is  enabled.  If  the  the  tranamittar  is 
diaablod,  artd  the  data,  preamble,  or  break  (in  the  transmit  shift  registor)  has  been  sent,  the  TC  bit  will  also 
be  set.  This  w^l  also  generate  an  interrupt  if  the  TCIE  bit  is  set. 

When  the  SCDR  m  read,  it  contains  the  last  data  byte  received,  provided  that  the  receiver  is  enabled.  The 
RDRF  bit  of  the  SCSR  is  set  to  indicate  that  a  data  byte  has  been  transferred  from  the  input  serial  shift 
register  to  the  SCDR,  which  can  cause  an  interrupt  if  the  receiver  interrupt  ie  enabled.  The  data  transfer 
from  the  input  serial  shift  register  to  the  SCDR  is  synchronized  by  the  receiver  bit  rate  dock.  The  OR  (over¬ 
run),  NF  (noise),  or  FE  (framing)  error  bits  of  the  SCSR  may  be  set  if  data  reception  errors  occurred. 

An  kfle  line  interrupt  is  generated  if  the  idle  line  intarrupt  is  errabtad  and  the  IDLE  bit  (which  detects  idto  line 
tranamiaaion)  of  SCSR  is  set.  This  akows  a  reoaiver  thst  is  not  in  the  wake-up  mode  to  detect  the  artd  of  a 
maaaaga,  the  preamble  of  a  new  messaga,  or  to  raaynchronizo  with  the  tran«nittor. 
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Flgurs  5-7.  Rat*  Qanarator  Division 


5.8  REGISTERS 

Thera  are  five  different  ragistara  used  in  the  serial  communications  interface  (SCI)  and  the  internal  con¬ 
figuration  of  these  registers  is  discussed  in  the  following  paragraphs.  Refer  to  the  block  diagram  shown  in 
Figure  5-6. 

5.8.1  SERIAL  COMMUNICATIONS  DATA  REGISTER  (SCDR) 

The  serial  communications  data  register  (Figure  5-8)  performs  two  functions;  i.e.  it  acts  as  the  receive  data 
ragistar  when  it  is  read  and  as  the  transmit  data  register  whan  it  is  written.  Figure  5-6  shows  this  register  as 
two  separate  registers,  namely:  the  receive  data  register  (RDR)  and  the  transmit  data  register  (TDR). 
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Figure  5-8.  Serial  Communication*  Data  Ragistar  (SCDR) 


5.8.2  Serial  Communications  Control  Ragistar  1  (SCCR1) 

The  serial  communications  control  register  1  (SCCR1)  (Figure  59)  provides  the  control  bits  which: 
(1)  determine  the  word  length,  and  (2)  selects  the  method  used  for  the  wake-up  feature. 
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Figure  59.  Serial  Communications  Control  Ragistar  1  (SCCR1) 


Bit  7,  R8  If  the  M  bit  is  set,  then  this  bit  provides  a  storage  location  for  the  ninth  bit  in  the  receive 
data  word.  Reset  does  not  affect  this  bit. 

Bit  6,  T8  ~  If  the  M  bit  is  set,  then  this  bit  provides  a  storage  location  for  the  ninth  bit  in  the  transmit 
data  word.  Reset  does  not  affect  this  bit. 

Bit  5  This  bit  is  not  implemented  and  reads  as  zero. 

Bit  4,  M  This  bit  selects  the  word  length.  Reset  clears  this  bit. 

0  =  1  start  bit,  8  data  bits,  1  stop  bit 
1  =  1  start  bit,  9  data  biu,  1  stop  bit 


Bit  3- WAKE  This  bit  allows  the  user  to  select  the  method  for  receiver  "wake  up". 


'Vhan  clear,  an  idle  line  condition  (10  consecutive  ones  if  M  =  0  or  11  consecutive  ones  If 
M  =  1)  will  wake-up  the  receiver. 

When  set,  detection  of  a  one  in  last  data  bit  (eighth  data  bit  if  M  =  0,  ninth  data  bit  if  M  =  1 ) 
virill  wake-up  the  receiver. 

Bit  2-0  These  bits  are  not  implemented  and  read  as  zeros. 

S.8.3  Serial  Communications  Controi  Register  2 ISCCR2) 

The  serial  communications  control  register  2  (SCCR2)  (Figure  5-10)  provides  the  control  bits  v»rhich:  indi¬ 
vidually  enable/disable  the  SCI  functions. 
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Fig  jr'  i-10.  Serial  Communications  Control  Regiator  2  (SCCR2) 

Bit  7,  TIE  Whan  the  transmit  interrupt  enable  bit  is  sat,  the  SCI  interrupt  occurs  when  TORE  is  sat. 
When  TIE  is  clear,  the  TORE  interrupt  is  disablad.  Cleared  by  reset. 

Bit  6,  TCIE  When  the  transmisaion  complete  interrupt  enable  bit  is  set,  the  SCI  interrupt  occurs  when 
TC  is  sat.  When  TCIE  is  clear,  the  TC  interrupt  is  disabled.  Cleared  by  reset. 

Bit  5,  RIE  When  the  receive  interrupt  enable  bit  is  set,  the  SCI  interrupt  occurs  when  OR  or  RDRF  are 

set.  When  RIE  is  clear,  the  OR  and  RDRF  interrupts  are  disabled.  Cleared  by  reset. 

Bit  4,  (LIE  When  the  idle  line  interrupt  enable  bit  is  set,  the  SCI  interrupt  occurs  when  IDLE  is  set. 
Whan  ILIE  is  clear,  the  IDLE  interrupt  is  disabled.  Cleared  by  reset. 

Bit  3,  TE  When  the  transmit  enable  bit  is  set,  the  transmit  shift  register  output  is  applied  to  the  TxD 
line.  Depending  on  the  state  of  control  bit  M  (SCCR1),  a  preamble  of  10  (M  =  0)  or  11 
(M  =  1)  consecutive  ones  is  transmitted  when  software  sets  the  TE  bit  from  a  cleared  state. 
After  loading  the  last  byte  in  the  serial  communications  data  registor  and  receiving  the  in¬ 
terrupt  from  TDRE,  the  user  can  clear  TE.  Transmission  of  the  last  byte  will  than  be  com¬ 
pleted  before  the  transmitter  gives  up  control  of  the  TxD  pin.  Cleared  by  reset. 

Bit  2,  RE  When  the  receive  enable  bit  is  set,  the  receiver  is  enabled .  When  RE  is  clear,  the  receiver  is 
disabled  and  all  of  the  status  bits  associated  with  the  receiver  (RDRF,  IDLE,  OR,  NF,  and 
FE)  are  inhibited.  Cleared  by  reset. 

Bit  1 ,  RWU  TA/hen  the  receiver  wake-up  bit  is  set,  it  enables  the  "wake  up"  function.  If  the  WAKE  bit  is 
cleared,  RWU  is  cteared  after  receiving  10  (M  =  0)  or  11  (M=  1)  consecutive  ones.  If  the 
WAKE  bit  is  set,  RWU  is  cleared  after  receiving  a  data  word  whose  MSB  is  set.  Cleared  by 

reset. 

If  the  send  break  bit  is  toggled  set  and  cleared,  the  transmitter  settds  10  (M  =  0)  or  11 
(M  1 )  zeros  and  then  reverts  to  idle  or  sending  data.  If  SBK  remains  set,  the  transmitter 
wW  continually  sand  whole  blocks  (sets  of  10  or  11)  zeros  until  cleared.  At  the  completion 
of  the  break  code,  the  transmitter  sends  at  least  orw  high  bit  to  guarantee  recognition  of  a 
valid  start  bit.  React  clears  the  SBK  bit. 


Bit  0,  SBK 


B.8.4  Serial  Communicatlona  Status  Ragistar  (SCSR) 

Tha  serial  communications  status  register  (SCSR)  (Figure  S-11)  provides  inputs  to  the  interrupt  logic  cir¬ 
cuits  for  generation  of  the  SCI  system  interrupt. 


7  6  S  4  3  2  I  0 


Rgura  5-11.  Serial  Communications  Status  Register  (SCSR) 


Bit  7,  TORE  Tha  transmit  data  register  empty  bit  is  sat  to  indicate  that  the  content  of  the  serial  com¬ 
munications  data  register  have  been  transferred  to  the  transmit  serial  shift  register.  This  bit 
is  cleared  by  reading  the  SCSR  (with  TORE  =  t)  followed  by  a  write  to  the  SCOR.  Raaet 
sets  tha  TORE  bit. 

Bit  6,  TC  The  transmit  complete  bit  is  sat  at  the  and  of  a  data  frame,  preamble,  or  break  condition  if; 

1)  TE  =  1,  TORE  =  1,  and  no  pending  data,  preambia,  or  break  is  to  be  transmitted;  or 
21  TE=0,  and  the  data,  preambia.  or  break  (in  the  transmit  shift  register)  has  been 
transmitted. 

The  TC  bit  is  a  status  flag  which  indicates  that  one  of  the  above  conditions  have  occurred. 
The  TC  bit  is  cleared  by  reading  the  SCSR  (with  TC  set)  followed  by  a  write  to  the  SCOR. 
Reset  sets  the  TC  bit. 

Bit  5,  RORF  The  receive  data  register  full  bit  is  set  when  the  receiver  serial  shift  register  is  trsnsfsrred  to 
the  SCOR.  Tha  RORF  bit  is  cleared  when  the  SCSR  is  read  (with  RORF  set)  followed  by  a 
read  of  the  SCOR.  Reset  clears  the  RORF  bit. 

Bit  4,  lOLE  The  idle  line  detect  bit,  when  set,  indicates  a  receiver  idle  line  is  selected.  The  lOLE  bit  is 
cleared  by  reading  the  SCSR  with  lOLE  set  followed  by  a  read  of  the  SCOR.  The  lOLE  bit  is 
inhibited  when  the  RWU  bit  is  set.  Reset  clears  the  lOLE  bit. 

Bit  3,  OR  The  overrun  error  bit  is  set  when  the  next  byte  is  ready  to  be  transferred  from  the  receive 
shift  register  to  the  SCOR  which  is  siready  full  (RORF  bit  is  set).  The  only  valid  data  is 
located  in  SCOR  when  OR  is  sat.  The  OR  bit  is  cleared  when  the  SCSR  is  read  (with  OR 
set),  followed  by  a  read  of  the  SCOR.  Reset  clears  the  OR  bit. 

Bit  2,  NF  The  noise  flag  bit  is  set  if  there  is  noise  on  any  of  the  received  bits,  including  the  start  and 
stop  bits.  The  NF  bit  is  not  set  until  the  RORF  flag  is  set.  The  NF  bit  is  cleared  when  the 
SCSR  to  read  (with  NF  sat),  followed  by  a  read  of  the  SCOR.  Reset  clears  the  NF  bit. 

BH  1,  FE-  The  framing  error  bit  is  set  when  no  stop  bit  was  detected  in  the  data  string  received.  The 
FE  bit  is  set  at  the  same  time  as  the  RORF  is  set.  If  the  byte  received  causes  both  framing 
and  overrun  errors,  the  processor  will  only  recognize  the  overrun  error.  The  framing  error 
flag  inhibits  further  transfer  of  data  into  the  SCOR  until  it  is  ciearod.  The  FE  bit  is  deared 
when  the  SCSR  is  read  (with  FE  equal  to  one)  followed  by  a  read  of  the  SCOR.  Reaet 
clears  the  FE  bit. 


BitO 


Not  implomented.  Reeds  as  zero. 


S.8.5  Baud  Rata  Ragistar 

The  baud  rate  register  i  Figure  5-12)  provides  the  means  lor  selecting  different  baud  rates  which  may  be 
used  as  the  rate  control  for  the  transmitter  and  receiver.  The  SCP0-SCP1  bits  function  as  a  prescaler  for  the 
SCR0-SCR2  bits.  Together,  these  five  bits  provide  multiple  baud  rate  combinations  for  a  given  crystal 
frequency. 
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Figure  5-12.  Baud  Rata  Ragistar 


Bit  5,  SCPl  Table  5-1  shows  the  prescale  values  attained  from  the  E  clock. 

Bit  4,  SCPO  Reset  clears  SCP1-SCP0  bits  (divida-by-one). 

Table  5-1.  Rrst  Preecalar  Stage 


SCPl 

SCPO 

Internal  Rroeaaaet 
Clock  OMdo  By 

1 

’■I 

3 

■I 

HB 

4 

■■ 

13 

net 


Bit  2,  SCR2  These  three  bits  select  the  baud  rates  of  both  the  transmitter  and  the  receiver.  Table  5-2 
Bit  1,  SCR1  shows  the  prsscaler  value  that  divides  the  output  of  the  first  stage.  Reset  does  not  affect 
Bit  0,  SCRO  the  SCR2-SCR0  bits. 


Table  S-2.  Second  Preecaler  Stage 
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The  diagram  of  Figure  5-7  and  Tables  5-3  and  5-4  illustrate  the  divider  chain  used  to  obtain  the  baud  rate 
clock.  Note  that  there  is  a  fixed  rate  divide-by-16  between  the  receive  clock  (RT)  and  the  transmit  clock 
(Tx).  The  actual  divider  chain  is  controlled  by  the  combined  SCP0-SCP1  and  SCR0-SCR2  bits  in  the  baud 
rate  register  as  illustrated. 

Table  5-3.  Prascaler  Highest  Baud  Rate  Frequency  Output 


131  072  K  Baud 
43  890  K  Baud 
32.768  K  Baud 
10  082  K  Baud 


128  000  K  Baud 
41  688  K  Baud 
31  280  K  Baud 
9600  Baud 


Crystal  Fra^iuancy  IMHil 


4.91 


76  80  K  Baud 
25.60  K  Baud 
19.20  K  Baud 
S.907  K  Baud 


62  50  K  Baud 
20  833  K  Baud 
15.625  K  Baud 
4800  Baud 


57  60  K  Baud 
19.20  K  Baud 
14  40  K  Baud 
4430  Baud 


*Tha  clock  in  tha  '  Clock  Oividad  By  '  column  ti  the  mtarnai  procasaor  clock. 


NOTE 

The  divided  frequimces  shown  in  Table  5-3  represent  baud  rates  which  are  the  highest  transmit 
baud  rate  (Txl  that  can  be  obtained  by  a  specific  crystal  frequency  and  only  using  the  prescaler 
division.  Lower  baud  rates  may  be  obtained  by  providing  a  further  division  using  the  SCI  rats 
select  bits  as  shown  below  for  some  representative  prescaler  outputs. 


Table  54.  Transmit  Baud  Rate  Output  For  a  Given  Prescaler  Output 


SaprMMntatlv*  Hiehwt  Prwcalar  B(ud  Rita  Output 


131.0n  K  Baud 

a.78B  K  Btud 

7t.80  K  Baud 

18.S  K  Baud 

9800  Baud 

131  072  K  B*ud 

32.78BK  Baud 

76.80  K  Baud 

19.20  K  Baud 

9000  BrntH 

66  838  K  B«ud 

18.384  K  Baud 

38.40  K  Baud 

9800  Baud 

4800  Bftid 

32  788  K  B«ud 

8  192  K  Baud 

19.20  K  Baud 

4800  Baud 

2400  B4Hid 

16  384  K  Btud 

4  098  K  Baud 

9800  Baud 

2400  Baud 

1  1200  BMd 

8192K  Btud 

2  048  KBaud 

4800  Baud 

1200  Baud 

600  BMd 

4.098  K  Btud 

1.024  K  Baud 

2400  Baud 

600  Baud 

300  Bwd 

2.048  K  Baud 

512  Baud 

1200  Baud 

300  Baud 

150 

1  024  K  Baud 

256  Baud 

600  Baud 

ISO  Baud 

1  75  BMd 

NOTE 

Table  5-4  illustrates  how  the  SCI  select  bits  can  be  used  to  provide  lower  transmitter  baud  rates 
by  further  dividing  the  prescaler  output  frequency.  The  five  examples  are  only  representative 
samples.  In  all  cases,  the  baud  rates  shown  are  transmit  baud  rates  (transmit  clock)  and  the 
receiver  clock  is  16  times  higher  in  frequency  than  the  actual  baud  rate. 


SECTION  6 

SERIAL  PERIPHERAL  INTERFACE  (SPI) 


This  Mction  contains  a  daacription  of  tha  serial  peripheral  intarfaca  (SPII. 


•.1  OVERVIEW  AND  FEATURES 

The  aerial  peripheral  interface  ISPI)  is  a  syrtchronous  interface  built  into  the  MC6BHC11A8  MCU  which 
alows  several  MC8BHC11A8  MCUs,  or  an  MC68HC11A8  plus  peripheral  devices,  to  be  interconnected.  In 
an  SPI,  separata  wiraa  laignais)  are  required  for  data  and  dock  as  the  dock  is  not  induded  in  the  data 
straam.  An  SPI  system  may  be  configured  as  a  master  or  as  a  slave. 

Featurea  indude: 

•  Fun  Duplex.  Three-Wire  SynchrorKMM  Transfers 

•  Master  or  Slave  Operation 

•  1.06  MHz  (Maximum)  Master  Bit  Frequency 

•  2.1  MHz  (Maximum)  Slave  Bit  Frequerwy 

•  Four  Programmable  Master  Bit  Rates 

•  Programmable  Clock  Polarity  and  Phase 

•  End-of-Tranimission  Interrupt  Flag 

•  Write  Collision  Flag  Protection 

•  Master-Master  Mode  Fault  Protection  Capacity 

•  Easily  Intsrfaces  to  Simple  Expa-^sion  Parts  (PLLs,  D-A,  Latches,  Display  Drivsrs,  etc.) 

92  SIGNAL  DESCRIPTION 

The  four  basic  signals  (MISO,  MOSI,  SCK,  and  §§)  used  to  transmit  data  by  tha  seriai  paripharal  interface 
are  discussed  in  the  following  paragraphs.  Each  signal  is  described  for  both  tha  master  and  sisva  modss. 

Any  SPI  output  has  to  have  its  corraaporKfing  data  direction  bit  in  DDRD  sat.  If  this  bit  is  dear,  the  pin  is 
dhconnactad  from  the  SPI  logic  and  bacortras  a  ganaral-purposa  input. 

•.2.1  Master  In  Slava  Out  (MISO) 

Tha  MISO  pin  iaxonfigurad  as  an  input  in  a  master  device  and  as  an  output  in  a  slave  device.  It  is  orw  of  tha 
two  wiraa  that  carry  data  in  one  direction,  with  tha  moat  significant  bit  sant  first.  The  MISO  pin  of  a  siava 
dswica  is  placed  in  tha  high-impadanoa  state  if  tha  slave  ia  not  sslactad. 

922  Master  Out  Slava  In  (MOSI) 

Tha  MOSI  pin  is  oortfigurad  as  a  data  output  in  a  master  dsvica  and  aa  a  data  input  in  a  siavs  dsvios.  It  is 
one  of  tha  two  Unas  that  transfer  asriai  data  in  one  dkaction  with  tha  most  significant  bit  sant  first. 


b.2.3  Ssrial  Clock  (SCK) 

Th«  serial  clock  is  used  to  synchronize  data  movement  both  in  and  out  of  the  device  through  its  MOSI  and 
MISO  pins.  The  master  and  slave  devices  are  capable  of  exchanging  a  data  byte  of  information  during  a  se¬ 
quence  of  eight  clock  cycles.  Since  SCK  is  generated  by  the  master  device,  this  line  becomes  an  input  on  a 
slave  device. 

As  shown  in  Figures  6-1  and  11-17,  four  possible  timing  relationships  may  be  chosen  by  using  control  bits 
CPOL  and  CPHA.  Both  master  and  slave  devices  must  be  operated  in  the  same  timing  mode.  The  master 
device  always  allows  data  to  be  applied  on  the  MOSI  line  a  half -cycle  before  the  clock  edge  (SCK),  in  order 
for  the  slave  device  to  latch  the  data. 


MTEMIU  STSQK  KM  UU  CVTURE  lUl  MOOES 


Rgure  6-1.  Data  Clock  Timing  Diagram 

Two  bits  ISPRO  arKi  SPR1 1  in  the  SPCR  of  the  master  device  salact  the  dock  rate.  In  the  slave  device,  SPRO 
and  SPR1  have  no  effect  on  the  operation  of  the  SPI. 

6.2.4  Slava  Salact  (Ml 

The  slave  select  (SS)  input  is  used  to  chip  select  a  slave  when  it  goes  low.  It  has  to  be  low  prior  to  data 
transactions  and  must  stay  low  for  the  duration  of  the  transaction. 

The  SS  pin  on  the  mas^  must  be  tied  high.  If  it  goes  low  for  any  reason,  a  mode  fault  error  flag  (MODF)  is 
set  in  the  SPSR.  The  SS  pin  can  be  selected  to  be  a  general-purpose  output  by  writing  a  one  in  the  port  0 
data  direction  register  bit  5,  thus  disabling  the  mode  fauft  drcuit. 


6.3  FUNCTIONAL  DESCRIPTION 


Figure  6-2  shows  a  btock  diagram  of  the  SPI.  Whan  the  master  device  transmits  data  to  a  second  (siava) 
device  via  the  MOSI  line,  the  slave  device  responds  by  sending  data  to  the  master  device  via  the  MISO  line. 
This  implies  full  duplex  transmisaion  with  both  data  out  and  data  in  synchronized  with  the  same  dock 
signal.  Thus,  the  byte  transmitted  is  replaced  by  the  byte  racaivad  and  eiiminatse  the  need  for  separate 
transmit-empty  and  receiver-full  status  bits.  A  single  status  bit  ISPIF)  is  used  to  signify  that  the  I/O  opera¬ 
tion  is  completed. 


iStE  NOTE) 


NOTES:  Th«  SS.  SCK,  MOSI.  and  MISO  an  ntanMl  pin*  «iMeh  prevM*  ttw  WknMng  function*: 

*.  MOSI-ProvM**  **ii*l  output  to  alav*  unitl*)  wfion  dovic*  i*  confisurad  **  *  m**i*r.  Rocolu**  *«i*l  input  from  m**t*r  und  wli*n 
dovio*  I*  configurod  **  *  *l*v*  unit. 

b.  MISO— ltao*l«****>l*l  input  fram(l*w*unitl*liNli*nd*«lG*i*eonflgu(*d***m**l*r.  PtpvW**  **ti*f  output  to  m**t*r  udnn  davic*  i* 

oonflgurad  a*  a  aiwo  unit. 

c.  SCK  cyMwi  cipck  wtMn  dvyiM  is  con^Qucsd  w  s  niMiSf  unit.  ctocfc  wtwn  tfsvios  is  conflQUESd  ss  s  sIvm 

^  unit. 

d.  SS  -Pro¥idssslo9tetewtossisctsslsv#  dt¥tesforstfinsfsf  w^irfiwtsrdswtes. 

t-m 

Figure  6-2.  Serial  Peripheral  Interface  Block  Diagram 

The  SPI  is  double  buffered  on  the  read,  but  not  the  write.  If  a  write  is  performed  during  data  transfer,  the 
transfer  occurs  uninterrupted,  and  the  write  will  be  unsuccessful.  This  condition  will  cause  the  write  coNi- 
aion  (WCOL)  status  bit  of  the  SPSR  to  be  sat.  After  a  data  byte  is  shifted,  the  SPIF  flag  of  the  SPSR  is  set. 

In  the  matter  mode,  the  SCK  pin  is  an  output.  It  idles  high  or  low,  depending  on  the  CPOL  bit  in  the  SPCR, 
untk  data  it  written  to  the  shift  register,  at  which  point  eight  docks  are  generated  to  shift  the  eight  bits  of 
data  and  then  SCK  goes  idle  again. 

In  a  slave  mode,  the  slave  start  logic  receives  a  logic  tow  at  the  SS  pin  and  a  system  dock  input  at  the  SCK 
pin.  Thus,  the  slave  is  synchronized  with  the  master.  Data  from  the  master  is  received  serially  at  the  slave 
MOSI  pin  and  loads  tha  8-bit  shift  ragistsr.  After  the  8-bit  shift  register  is  loaded,  itt  data  is  parallal  trana- 
terred  to  the  read  buffer.  Durirrg  a  write  cycle,  dau  ia  written  iffto  the  shift  registar,  than  the  slave  waits  for 
a  dock  train  from  the  master  to  shift  the  data  out  on  the  MISO  pin. 


Figura  6-3  illuatrates  tha  MOSI,  MISO,  and  SCK  maater-siava  intarconnactions. 
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Rgura  6-3.  Sarlal  Paripharal  Intarfaca 
Maatar-Slava  intareonnaction 

6.4  REGISTERS 

Thara  are  thraa  ragiatars  in  tha  aerial  paralM  intarfsca  which  provida  control,  atatua,  and  data  atoraga 
functiona. 


6.4.1  Serial  Paripharal  Control  Raglatar  (SPCR),  Figura  6-4 

5  6  i  «  12  10 

I  snt  I  sn  I  omm  I  asta  I  era  I  ow  I  srat  I  swo  I  i_om 

Rgura  64.  Serial  Paripharal  Control  Raglatar  (SPCRI 

Bit  7,  SPIE  Whan  tha  aerial  paripharal  interrupt  anabla  bit  ia  aat,  SPI  intarrupta  are  allowed.  Interrupta 
are  maakad  whan  thia  bit  ia  daared.  The  SPIE  bit  ia  daarad  by  raaet. 

Bit  6,  SPE  Whan  tha  aerial  paripharal  anabia  bit  aat,  it  anabiaa  tha  SPI  ayatam  by  connecting  it  to 
the  axtamal  pina.  Bacauaa  tha  SPE  bit  ia  daarad  by  raaet,  tha  SPI  ayatam  ia  not  connected 
to  tha  axtamal  pina  upon  raaet. 

Bit  5,  OWOM  If  tha  OWOM  bit  ia  aat,  port  D  output  pina  function  aa  open-drain  outputa,  and  whan  tha 
OWOM  bit  ia  dear,  port  0  output  pina  function  normally.  Tha  DWOM  bit  ia  daarad  by 


Bit  4,  MSTR  If  tha  MSTR  bit  ia  aat,  tha  SPI  ia  a  maatar  davica.  If  daarad,  tha  SPI  ia  a  aiava  davica. 

Bit  3,  CPOL  Whan  tha  dock  polarity  bit  ia  daarad  and  data  ia  not  being  tranafarrad,  a  ataady  atata  low 

value  ia  produced  at  tha  SCK  pin  of  tha  maatar  davica.  Converaaly,  if  thia  bit  ia  aat,  tha 
SCK  pin  will  kMa  high.  Thia  bit  ia  alao  uaad  in  conJurKtion  with  tha  dock  phaaa  control  bit 
to  produce  tha  deairad  dock-data  raiationahip  between  maatar  and  aiava.  Tha  CPOL  bit  ia 
daarad  by  raaet.  Sea  Figura  6-1. 

Bit  2,  CPHA  The  dock  phaaa  bit,  in  conjunction  with  the  CPOL  bit,  controla  tha  dock-data  raiationahip 
between  maatar  and  aiava.  In  general,  tha  CPHA  bit  aalacta  which  dock  edge  capturaa 
data  and  allowa  it  to  change  atataa.  Tha  CPHA  bit  ia  aat  by  raaet.  Rafar  to  Figura  6-1. 


Bit  1.  SPR1  These  two  serial  peripheral  rate  bits  select  one  of  four  baud  rates  (Table  6-11  to  be  as 

Bit  0,  SPRO  SCK  if  the  device  is  a  master:  however,  they  have  no  effect  in  the  slave  mode.  The  SPR1 

and  SPRO  bits  are  not  affected  by  reset. 

Table  6-1.  Serial  Peripheral  Rate  Selection 


SPR1 

SPRO 

Internal  Procaaaor 
Ctack  Dlviito  By 

0 

0 

2 

0 

1 

4 

1 

0 

16 

1 

1 

32 

8.4.2  Serial  Peripheral  Status  Register  ISPSR).  Figure  8-5 
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Figure  8-5.  Seriel  Peripheral  Status  Register  ISPSRI 


Bit  7,  SPIF  The  serial  peripheral  data  transfer  flag  bit  is  set  upon  completion  of  data  transfer  between 
the  processor  and  external  device.  If  SPIF  goes  high,  and  if  SPIE  is  set,  a  aerial  peripheral 
interrupt  is  generated.  White  SPIF  is  set,  all  writes  to  the  serial  peripheral  data  registar  are 
inhibhad.  Clearing  the  SPIF  bit  is  accompiiahed  by  reading  the  SPSR  (with  SPIF  set) 
followed  by  an  access  of  the  SPOR.  The  SPIF  bit  is  cleared  by  reset. 

Bit  8,  WCOL  The  write  collision  bit  is  set  when  an  attempt  is  made  to  write  to  the  serial  peripheral  data 
register  while  data  transfer  is  takirrg  place.  Clearing  the  WCOL  bit  is  accomplished  by 
reading  the  SPSR  (with  WCOL  set)  followed  by  an  access  to  SPOR.  The  WCOL  bit  is 
cleared  by  reset. 

Bit  5  Not  implemented  and  reads  as  zero. 


Bit  4,  MOOF  The  rrKKle  fault  flag  indicates  that  there  may  have  been  a  multi-maatar  conflict  for  system 
control  and  allows  a  proper  exit  from  system  operation  to  a  reset  or  default  system_nate. 
The  MOOF  bit  is  normally  clear,  and  is  set  only  when  the  master  device  has  its  SS  pin 
pulled  low.  Setting  the  MOOF  bit  affects  the  internal  serial  peripheral  interface  system  in 
the  following  ways: 

1)  An  SPI  interrupt  is  generated  if  SPIE«  1. 

2)  The  SPE  bit  is  cleared.  This  disables  the  SPI. 

3)  The  MSTR  bit  is  cleared,  thus  forcing  the  device  into  the  slave  mode. 

Clearing  the  MOOF  bit  is  accomplished  by  readirtg  the  SPSR  (with  MOOF  set),  followed  by 
a  write  to  the  SPCR.  Control  bits  SPE  and  MSTR  may  be  restored  to  their  original  set  state 
_  after  the  MOOF  bit  has  been  cleared.  The  MOOF  bit  is  deered  by  reset. 


Bits  3-0 


Bits  3,  2,  1,  and  0  are  not  implemented  and  read  as  zeros. 
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Figure  ft>6.  Serial  Peripheral  Date  I/O  Register  (SPDR) 

The  serial  peripheral  data  I/O  register  is  used  to  transmit  and  receive  data  on  the  serial  bus.  Only  a  write  to 
this  register  will  initiate  transmission /reception  of  another  byte>  and  this  will  only  occur  in  the  master 
device.  At  the  completion  of  transmitting  a  byte  of  data,  the  SPIF  status  bit  is  set  in  both  the  master  and 
slave  devices. 

When  the  user  reads  the  serial  peripheral  data  I/O  register,  a  buffer  is  actually  being  read.  The  first  SPIF 
must  be  cleared  by  the  time  a  second  transfer  of  data  from  the  shift  register  to  the  read  buffer  is  initiated  or 
an  overrun  condition  will  exist. 

A  write  to  the  serial  peripheral  data  I/O  register  is  not  buffered  and  places  data  directly  into  the  shift  register 
for  transmission. 


SECTION  7 

ANALOG-TO-DIGITAL  CONVERTER 


Th«  MC88HC11A8  indudas  an  8-chsnnal  multipiexad-input  succeaaiva  approximation  analog-to-digital 
(A/D)  convortar  with  aampla  and  hold  to  minimize  conversion  errors  caused  by  rapidly  changmg  input 
signals.  Two  dedicated  pins  (Vrl,  Vrh)  ara  provided  for  the  reference  supply  voltage  inputs.  These  pins 
may  be  connected  to  a  lower  noise  power  supply  to  assure  full  accuracy  of  the  A/D  conversion.  The  ft-bit 
A/D  converter  has  a  linearity  error  of  ±  Vi  LSB  and  accepts  analog  inputs  which  range  from  Vrl  to  Vrh. 
Smaller  analog  input  ranges  can  also  be  obtained  by  adjusting  Vrh  and  Vri.  to  the  deairod  upper  and  lower 
limits.  Each  conversion  is  accomplishad  in  32  MCU  E  dock  cydes,  provided  the  E  rate  is  equal  to  or  greater 
than  1  MHz.  For  systarrw  which  operate  at  clock  rates  leas  than  1.0  MHz,  an  internal  R-C  oadHator  must  be 
used  to  dock  the  A/D  system  by  setting  the  CSEL  bit  in  the  OPTION  register. 

NOTE 

Ortly  four  A/0  inputs  are  available  in  the  4S'pin  package  version  of  the  MC68HC1 1 A8. 

7.1  CONVERSION  PROCESS 

The  A/D  convertor  is  ratiometric.  An  input  voltage  equal  to  Vrl  converts  to  MO  and  an  input  voltaga  equal 
to  Vrh  converts  to  IFF  (fuH  scale),  with  no  overflow  indication.  For  ratiometric  conversions,  the  source  of 
each  analog  input  should  usa  Vrh  as  the  supply  voltage  and  be  referenced  to  Vrl. 

7.2  CHANNEL  ASSIGNMENTS 

A  multiplexer  allows  the  single  A/D  converter  to  select  one  of  sixteen  analog  signals.  Bght  of  thaae  chan- 
nals  oorreapond  to  port  E  input  pins  to  the  MCU,  four  of  the  channels  are  for  internal  referenca  points  or 
tast  functions,  and  four  chanrtels  are  reserved  for  future  use.  Table  7-1  shows  the  signals  selectad  by  the 
four  channel  select  control  bits. 


Table  7-1.  Analog-to-Oigital  Chamtal  Aaaignmanta 
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7.3  SINGLE-CHANI)|EL  OPERATION 

There  are  two  variations  of  single-channel  operation.  In  the  first  variation  (SCAN  =  0),  the  single-selected 
channel  is  converted  four  consecutive  times  with  the  first  result  being  stored  in  the  ADR1  result  register  and 
the  fourth  result  being  stored  in  the  ADR4  register.  After  the  fourth  conversion  is  complete,  all  conversion 
activity  is  halted  until  a  new  conversion  command  is  written  to  the  ADCTL  control  register.  In  the  second 
variation  (SCAN  =  1 ),  conversiona  continue  to  be  performed  on  the  selected  channel  with  the  fifth  conver¬ 
sion  being  stored  to  the  ADR1  register  (overwriting  the  first  conversion  result),  the  sixth  conversion  over¬ 
writes  ADR2,  and  so  on  continuously. 

7.4  FOUR-CHANNEL  OPERATION 

There  are  two  variations  in  muhiple-channei  operation.  In  the  first  variation  (SCAN  =  0),  the  selacted  group 
of  four  channais  are  converted,  one  time  each,  with  the  first  result  being  stored  in  the  ADR1  result  register 
and  the  fourth  result  being  stored  to  the  ADR4  register.  After  the  fourth  conversion  is  complete,  all  conver¬ 
sion  activity  is  halted  until  a  new  conversion  command  is  written  to  the  ADCTL  control  register.  In  the  sec¬ 
ond  variation  (SCAN  =  1),  conversiona  continue  to  be  performed  on  the  selected  group  of  channels  with 
the  fifth  conversion  being  stored  in  the  ADR1  register  (replacing  the  earlier  conversion  result  for  the  first 
channel  in  the  group),  the  sixth  conversion  overwrites  ADR2,  and  so  on  continuously. 

7.5  OPERATION  IN  STOP  AND  WAIT  MOOES 

If  a  conversion  sequence  is  stHI  in  process  when  the  MCeBHClIAS  enters  the  STOP  or  WAIT  mode,  the 
conversion  of  the  current  channel  is  suspended.  When  the  MCU  resumes  normal  opsjratioo,  that  channel 
will  be  re-sampled  and  the  conversion  sequence  resumes.  As  the  MCU  exits  the  WAIT  mode,  the  A/  D  cir¬ 
cuits  are  stable  and  valid  resulta  can  be  obtained  on  the  first  conversion.  However,  in  STOP  rtrode.  aH 
analog  bias  currents  are  disabled  and  it  becomes  necessary  to  allow  a  stabilization  period  when  leaving  the 
STOP  mode.  If  the  MC68HC1 1  AS  exits  the  STOP  mode  with  a  delay,  there  will  automatically  be  enough 
time  for  these  circuits  to  stabilize  before  the  first  conversion.  If  the  MC6BHC11A8  exits  the  STOP  mode 
with  no  delay  (OLY  bit  in  OPTION  register  equal  to  zero),  the  user  must  allow  sufficient  time  for  the  A/D 
circuitry  to  stabilize  to  avoid  invalid  resuhs. 

7.5  A/D  CONTROL/STATUS  REGISTER  lADCTU 

All  bits  in  this  register  may  be  read  or  written,  except  bit  7  which  is  a  read-only  status  indicator  and  bit  6 
which  always  reads  as  a  zero.  Sit  7  is  cleared  at  reset  but  the  other  bits  are  not  affected  by  reset.  Figure  7- 1 
and  the  following  paragraphs  describe  the  function  of  each  of  the  bits. 
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Figure  7-1.  A/D  Control/Status  Register  (ADCTL) 

Bit  7,  CCF  Conversions  Complete  Rag— This  read-only  status  indicator  is  set  when  sM  four  A/D  result 
registers  contain  valid  conversion  results.  Each  time  the  ADCTL  register  is  written,  this  bit  is 
automatically  cleared  to  zero  and  a  conversion  sequence  is  started.  In  the  continuous 
modes,  conversions  continue  in  a  round-robin  fashion  and  the  result  registers  continue  to  be 
updated  with  current  data  even  though  the  CCF  bit  remains  set. 


NOTE 

The  user  must  wnte  to  register  ADCTL  to  initiate  conversion. 


Bit  6  Not  implomontad.  Reads  as  zero. 

Bit  5,  SCAN  Continuous  Scan  Control— When  this  control  bit  is  cieered,  the  four  requested  conversions 
are  performed  once  to  fill  the  four  result  registers.  When  this  control  bit  is  set,  conversions 
continue  in  a  round-robin  fashion  with  the  result  registers  being  updated  as  data  becomes 
available. 

Bit  4,  MULT  Multiple-Channel/Single  Channel  Control— When  this  bit  is  cleared,  the  A/D  system  is  con¬ 
figured  to  perform  four  consecutive  conversions  on  the  single  channel  specified  by  the  four 
channel  select  bits  CD  thru  CA  Ibits  3-0  of  ADCTL).  When  this  bit  is  set,  the  A/D  system  is 
configured  to  perform  a  conversion  on  each  of  four  channels  where  each  result  register  cor¬ 
responds  to  one  channel. 

Bit  3,  CD  Charmel  Select  D 

Bit  2,  CC  Channel  Select  C 

Bit  1,  CB  Channel  Select  B 

Bit  0,  CA  Channel  Select  A— Theaa  four  bits  are  uaed  to  select  one  of  16  A/D  channels  (see  Table 

7-1).  When  a  multiple  channel  mode  is  selected  IMULT ^  1),  the  two  laest-aigruficant  chan¬ 
nel  aalect  bits  (CB  and  CA)  have  no  mearting  and  the  CD  artd  CC  bits  specify  which  group  of 
four  charmels  are  to  be  converted.  The  aigttals  selected  by  the  four  channel  select  control 
bits  are  shown  in  Table  7-1. 

7.7  A/D  RESULT  REQISTERB  1,  2.  3.  AND  4  (AOR1.  ADR2.  AOR3.  and  AOR4) 

The  A/0  result  registers  are  read-only  registers  used  to  hold  an  B-bit  conversion  result.  Writes  to  these 
registers  have  no  effect.  Data  in  the  A/D  result  registers  is  not  valid  unless  the  CCF  flag  bit  in  ADCTL  is  set, 
icKNcating  conversion  complets.  Refer  to  the  A/0  channel  assignments  in  Table  7-1  for  the  retstionahip 
between  the  channels  and  the  result  registers. 

7.B  A/D  POWER  UP  AND  CLOCK  SELECT 

A/D  power  up  is  controlled  by  bit  7  (ADPU)  of  the  OPTION  register.  When  ADPU  is  deered,  power  to  the 
A/D  system  is  disabled.  When  AOPU  m  sot,  the  A/D  system  is  ensbied.  A  delay  of  typically  100 
microseconds  is  required  after  tumirtg  on  the  A/D  converter  to  allow  the  analog  bias  voltagae  to  stabilize. 

Clock  select  is  controlled  by  bit  6  (CSEL)  of  the  OPTION  register.  When  CSEL  is  cleared,  the  A/D  uses  the 
system  E  dock.  When  CSEL  is  set,  the  A/D  uses  an  internal  R-C  dock  source,  which  runs  at  about  1.5 
MHz.  The  MCU  E  dock  is  not  suitable  to  drive  the  A/D  system  if  it  is  operating  below  1  MHz,  in  which  case 
the  R-C  internal  dock  should  bo  selected.  Refer  to  9.2  CONFIGURATION  OPTIONS  REGISTER 
(OPTION)  for  more  detailed  information. 


SECTION  8 

PROGRAMMABLE  TIMER,  REAL-TIME  INTERRUPT,  AND 
PULSE  ACCUMULATOR 


This  section  dascribss  the  16-bit  progrsmmabls  timsr,  the  real-tiine  interrupt,  and  the  pulse  sccumulstor 
system  features  of  the  MC68HC11A8. 

8.1  PROGRAMMABLE  TIMER 

The  timer  has  e  single  16-bit  free-running  counter  which  is  docked  by  the  output  of  e  four-stage  prsscsler 
(divide  by  1.  4,  8,  or  16),  which  is  in  turn  driven  by  the  MCU  E  dock.  Input  functions  are  celled  input  ctfh 
turee.  These  input  cepturas  record  the  count  from  the  free-runnkrg  counter  in  raeponae  to  a  detected  edge 
on  an  input  pin.  Output  functions,  called  output  comparsa,  causa  an  output  action  when  there  is  a  match 
between  a  16-bit  output-compare  register  and  the  fra^running  counter.  This  timer  system  has  three  input 
capture  ragisterB  and  five  output  compare  registers. 

In  order  to  reduce  the  overhead  required  to  aervica  interrupts,  tknar  overflow,  atKl  the  other  eight  timer 
functions,  each  has  a  separate  interrupt  vector,  and  each  of  the  nine  intarrupta  is  separately  maskable.  A 
change  in  the  way  interrupt  flag  bits  are  dearad  has  been  incorporated  to  enhance  timer  intsrrupt  opera¬ 
tion. 


1.1.1  Counter 

The  key  element  in  the  timer  system  is  a  16-bit  free-running  counter,  or  timer  counter  registor.  After  reset, 
the  MC6BHC11A8  is  configured  to  use  the  E  dock  as  the  input  to  the  free-rurming  counter.  Initialiiation 
software  may  optionally  reconfigure  the  system  to  use  one  of  the  three  praecale  tape.  Software  can  read 
the  counter  at  any  time  without  affecting  its  value  because  it  is  docked  stkI  read  during  oppoeito  half  cydae 
of  the  MPU  E  dock. 

A  counter  read  should  first  address  the  most  significant  byte.  An  MPD  reed  of  this  address  cauass  the  least 
significant  byte  to  be  transferred  to  a  buffer.  This  buffer  is  not  effected  by  reset  and  is  accessed  whan 
reading  the  least  significant  byte  of  the  courrter.  For  double  byte  read  instructions,  the  two  accssses  occur 
on  consecutive  bus  cydes. 

The  counter  is  cleared  to  MOOO  during  reset  aruj  is  a  read-only  register  with  one  exception.  In  test  modes 
only,  any  MPU  write  to  the  most  significant  byte  etways  presets  the  counter  to  tFFFS  regsrdlees  of  the 
value  involved  in  the  writa. 

When  the  coum  changes  from  $FFFF  to  40000,  the  timer  overflow  flag  (TOF)  bit  is  set  in  TFLG2.  An  inter¬ 
rupt  can  be  etrabled  by  setting  the  interrupt  enable  bit  (TOD  in  TMSK2. 


8.1.2  Input  Captura 

The  input  capture  registers  are  18-bit  read-only  registers  which  are  not  affected  by  reset  and  are  used  to 
latch  the  value  of  the  counter  when  a  defined  transition  is  sensed  by  the  corresponding  input  capture  edge 
detector.  The  level  transition  which  triggers  counter  transfer  is  defined  by  the  corresponding  input  edge 
bits  (EDGxB,  EDGxA)  in  TCTL2. 

The  result  obtained  by  an  input  capture  corresponds  to  the  value  of  the  counter  one  cycle  after  the  transi¬ 
tion  which  triggered  the  edge-detection  logic.  The  selected  edge  transition  sets  the  ICxF  in  TFLG1  and  can 
cause  an  interrupt  if  the  corresponding  ICxI  bit(s)  is  (are)  set  in  the  TMSK1  register.  A  read  of  the  Input 
Capture  Register's  MSB  inhibits  captures  for  one  E  cycle  to  allow  a  double-byte  read  of  the  full  16-bit 
register. 

8.1.3  Output  Compare 

The  output  compare  registers  are  16-bit  read/write  registers  which  are  initialized  to  tFFFF  by  reset.  They 
can  be  used  as  output  waveform  controls  and  as  elapsed  time  indicators.  If  an  output  compare  is  not  util¬ 
ized,  the  unused  registers  may  be  used  as  storage  locations. 

AH  output  compare  registers  have  a  separata  dedicated  comparator  for  comparing  against  the  free-running 
counter.  If  a  match  is  found,  the  corresponding  output  compare  flag  lOCxF)  bit  in  TFLG1  is  set  and  a 
specified  aaion  is  automatically  taken.  For  output  compare  functions  two  through  five  the  automatic  ac¬ 
tion  is  controlled  by  pairs  of  bits  in  the  TCTL1  control  register  (OMX  and  OLX).  Each  pair  of  control  bits  are 
encoded  to  specify  the  output  action  to  be  taken  as  a  result  of  a  successful  OCx  compare. 

An  interrupt  can  also  accompany  a  successful  output  compare,  provided  that  the  corresponding  interrupt 
enable  bit  (OCxI)  is  set  in  TMSK1. 

After  an  MPU  write  cycle  to  the  most  significant  byte,  output  compares  are  inhibited  for  one  E  cycle  in 
order  to  allow  writing  two  consecutive  bytes  before  making  the  next  comparison.  If  both  bytes  of  the 
register  are  to  be  changed,  a  double-byte  write  instruction  should  be  used  in  order  to  take  advantage  of  the 
compare  inhibit  feature. 

MPU  writes  can  be  made  to  either  byte  of  the  output  compare  register  without  affecting  the  other  byte. 

A  write-only  register  ICFORC),  allows  forced  compares.  Fivs  of  the  bit  positions  in  the  CFORC  register  cor- 
rsapond  to  the  five  output  compares.  To  force  a  compare,  or  compares,  a  writs  is  done  to  CFORC  with  the 
associated  bits  set  for  each  output  compare  that  is  to  be  forced.  The  action  taken  as  a  result  of  H  forced 
compare  is  the  same  as  if  there  was  a  match  between  the  OCx  register  and  the  frW-running  counter,  except 
that  the  corresporKling  interrupt  flag  status  bits  are  not  set. 

8.1.4  Output  Compare  1  I/O  Pin  Control 

Unlike  thelMher  four  output  compares,  output  compare  1  can  automatically  affect  any  or  aH  of  the  five  out¬ 
put  pins  (bits  3-7)  in  port  A  as  a  resuH  of  a  successful  compare  between  the  OC1  register  and  the  16-bit  free- 
running  counter.  The  two  5-bit  registers  used  in  conjunction  with  this  function  are  the  output  compare  1 
maak  register  (OC1M)  and  the  output  compare  1  data  register  (0C10). 


Register  0C1M  ie  used  to  specify  the  bits  of  port  A  (I/O  artd  timer  port)  which  are  to  be  affected  as  a  result 
of  a  successful  0C1  compare.  Register  0C1D  is  used  to  specify  the  data  which  is  to  be  stored  to  the  af¬ 
fected  bits  of  port  A  as  the  result  of  a  successful  0C1  compare.  If  an  0C1  compare  and  another  output 
compare  occur  during  the  same  E  cycle  and  both  attempt  to  alter  the  same  port  A  bit,  the  0C1  compare 
overrides. 

This  function  allows  control  of  multiple  I/O  pins  automatically  with  a  single  output  compare. 

Another  intended  use  for  the  special  I/O  pin  control  on  output  compare  1  is  to  allow  more  than  one  output 
compare  to  control  a  single  I/O  pin. 

1.1.8  Umar  Compare  Force  Register  (CFORCI 

The  compare  force  reg’ster  is  used  to  force  early  output  compare  actions.  The  CFORC  register  is  an  8-bit 
write-only  register  except  that  bits  2, 1 ,  and  0  are  not  implemented.  Reads  of  this  location  have  no  meaning 
or  effect  and  always  return  logic  zeros  (MO).  Note  that  the  compare  force  function  is  not  generally  recom¬ 
mended  for  use  with  the  output  toggle  function  because  a  normal  compare  securing  immediataly  before  or 
after  the  force  may  result  in  undesirabla  operation.  Figure  8-1  and  the  following  paragraphs  describe  the 
function  of  each  of  the  bits. 
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Figure  8-1.  Timer  Compere  Force  Register  (CFORC) 

FOC1-FOCS  Force  Output  Compare  x  Action 
0— Has  no  meaning 

1 —Causes  the  action  which  is  programmed  for  output  compare  except  that  the  OCxF 
is  not  set. 

Bits  2-0  Not  Implemented.  Reed  as  a  logic  zero. 

8.1.8  Output  Compare  1  Mask  Register  (OC1M) 

This  8-bit  reed/write  register  ( Figure  82)  is  desred  by  reset  and  is  used  in  confunction  with  output  compare 
1  to  specify  the  bits  of  port  A  which  are  to  be  effect  as  a  resuh  of  a  successful  OC1  compare.  Bits  zero 
throu^  two  are  not  implemented  and  always  return  zero. 
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Rgure  82.  Output  Compare  1  Meek  Register  IOC1M) 

The  bits  of  OCIMTsgister  correspond  bit-for-bit  with  the  bits  of  port  A  (bits  7  through  3  only).  For  each  bit 
that  is  affected  by  the  successful  compare,  the  corresponding  bit  in  OC1M  should  be  set  to  one. 

Note  that  the  pulse  accumulator  function  shares  bit  7  of  port  A.  If  the  DDRA7  control  bit  in  the  PACTL 
legiater  is  set,  then  port  A  bit  7  is  configured  as  an  output  and  OC1  can  obtain  access  by  setting  OC1M  bit 
7.  In  this  condition  if  the  PAEN  control  bit  in  the  PACTL  register  is  set,  enabling  the  pulse  accumulator  in¬ 
put,  then  OC1  compares  causa  a  write  of  0C1D  bit  7  to  an  internal  latch,  and  the  output  of  that  latch  drives 
the  pin  aruJ  the  pulM  accumulator  input.  This  action  can  then  cause  the  pulse  accumulator  to  taka  the  ap- 
propriaae  action  (pulee  coum  or  gate  modes). 


t.1.7  Output  Compara  1  Data  Ragiatar  IOC1D) 

This  8-bit,  read/ write  register  (Figure  8-3)  is  cleared  by  reset  and  is  used  in  conjunction  with  output  com¬ 
pare  1  to  specify  the  data  which  is  to  be  stored  to  the  affected  bits  of  port  A  as  the  result  of  a  successful 
0C1  compare.  This  register  is  not  affected  by  reset.  Bits  zero  through  two  are  not  implemented  and  always 
read  as  zeros. 
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Figure  8-3.  Output  Compare  I  Data  Register  (OC10) 

The  bits  of  0C10  correspond  bit-ior-bit  with  the  bits  of  port  A  (bits  7  thru  3  only).  When  a  successful  OC1 
compare  occurs,  for  each  bit  that  is  set  in  OC1M,  the  corresponding  data  bit  in  OC1D  is  storad  in  the  cor¬ 
responding  bit  of  port  A.  If  there  is  a  conflicting  situation  where  an  OC1  compare  and  another  output  com¬ 
pare  function  occur  during  the  same  E  cycle  with  both  attempting  to  alter  the  same  port  A  bit,  the  OC1  ac¬ 
tion  overrides. 

8.1.8  Timer  Control  Register  1  (TCTLI) 

Tsner  control  register  1  is  an  8-bit  read/write  register.  All  bits  in  this  register  are  cleared  to  zero  during  reset. 
Figure  8-4  and  the  following  paragraphs  describe  the  function  of  each  of  the  bits. 
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Figure  8-4.  Timer  Control  Register  1  (TCTLI) 


Bits  7,  5,  3,  1 
OMx 

Bits  8,  4,  2,  0 
OLx 


Output  Mode 

Output  Level.  These  two  control  bits  (OMx  and  OLj()  are  encoded  to  specify  the  output 
action  to  be  taken  as  a  result  of  a  successful  OCx  compare. 


OMx  OLx  Action  Taken  Upon  Successful  Compare 
0  0  Timer  disconnected  from  output  pin  logic 

0  1  Toggle  OCx  output  line 

1  0  Clear  OCx  output  line  to  zero 

1  1  Set  OCx  output  line  to  one 


8.1.8  Timer  Control  Register  2  (TCTL2) 

Timer  cotnrol  registar  2  is  an  8-bit  read/write  register  except  for  bits  8  and  7  which  are  not  implemented. 
Figure  8-5  and  the  following  paragraphs  describe  the  function  of  each  of  the  bits. 
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Figure  8-8.  Timer  Control  Register  2  (TCTL2) 


f  SM 


Bits  7-6 


Not  Implemented.  Read  as  a  logic  zeros. 


Bits  5,  3,  1  Input  Capture  x  Edge  Control.  These  two  bits  (EDGxB  and  EDGxA)  are  cleared  to  zero  by 
EDGxB  reset  and  are  encoded  to  configure  the  input  sensing  logic  for  input  capture  x  as  follows: 
Bits  4,  2,  0 

EOGxA  EOGxB  EOGxA  Configuration 

0  0  Capture  disabled 

0  1  Capture  on  rising  edges  only 

1  0  Capture  on  failing  edges  only 

1  1  Capture  on  any  (rising  or  falling)  edge 

8.1.10  Main  Timer  interrupt  Mask  Register  1  (TMSKI) 

The  timer  interrupt  mask  register  (see  Figure  8-6)  is  a  read/write  register  and  the  bits  are  described  in  the 
following  paragraphs. 
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Figure  8-6.  Timer  interrupt  Mask  Register  1  (TMSKI) 

Bits  7-3,  OCxI  Output  Compare  x  Interrupt.  If  the  OCxI  mask  bit  is  set  when  the  OCxF  flag  bit  is  set,  a 
hardware  interrupt  sequence  is  requested. 

Bits  2-0,  ICxI  Input  Capture  x  Interrupt.  If  the  ICxI  mask  bit  is  set  when  the  ICxF  flag  bit  is  set,  a  hard¬ 
ware  interrupt  sequence  is  requested. 

8.1.11  Main  Timer  interrupt  Flag  Register  1  (TFLG1) 

The  timer  system  flag  register  1  (TFLGI),  shown  in  Figure  8-7,  is  used  to  indicate  the  occurrence  of  timer 
system  events,  and  together  with  the  TMSKI  register  allows  the  timer  sub-system  to  operate  in  a  polled  or 
interrupt  driven  system.  For  each  bit  in  the  timer  flag  register  1  (TFLGI),  there  is  a  corresponding  bit  in  the 
timer  mask  register  1  (TMSKI)  in  the  same  bit  position.  If,  and  only  if,  the  mask  bit  is  set  each  time  the  con¬ 
ditions  for  the  corresponding  flag  are  met,  a  hardware  interrupt  sequence  is  requested  as  well  as  the  flag  bit 
being  sat. 

Bit  manipulation  instructions  would  be  inappropriate  for  flag  clearing  because  they  are  read-modify-write 
instructions.  Even  though  the  instruction  mask  implies  that  the  programmer  is  only  interested  in  some  of 
the  bits  in  the  manipulated  location,  the  entire  8-bit  location  is  actually  read  and  rewritten  which  may  dear 
other  bits  in  the  register. 
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Figure  8-7.  Timer  Interrupt  Flag  Register  1  (TFLGI) 


Bits  7-3,  OCxF  Output  Compare  x  Flag.  This  flag  bit  is  set  each  time  the  timer  counter  matches  the  out¬ 
put  compare  register  x  value.  A  write  of  a  zero  does  not  affect  the  state  of  this  bit.  A  write 
of  a  one  causes  this  bit  to  be  cleared. 

Bits  2-0,  ICxF  Input  Capture  x  Flag.  This  flag  bit  is  set  each  time  a  selected  active  edge  is  detected  on 
the  ICx  input  line.  A  write  of  a  zero,  does  not  affect  this  bit.  A  write  of  a  one  causes  this 
bit  to  be  cleared. 

8.1.12  Timer  Interrupt  Meak  Register  2  (TMSK2} 

The  timer  system  mask  register  2  is  used  to  control  whether  or  not  a  hardware  interrupt  sequence  is  re¬ 
quested  as  a  result  of  a  status  bit  being  set  in  timer  syster '  flag  register  2.  In  addition,  two  timer  prescaler 
bits  are  included  in  this  register.  For  each  of  the  four  most  significant  bits  in  timer  flag  register  2  (TFLG2) 
there  is  a  corresponding  bit  in  the  timer  mask  register  2  !  'i\^SK2)  in  the  same  bit  position. 

The  timer  interrupt  mask  register  is  a  read/write  register  and  the  bits  are  described  in  Figure  8-8  and  the 
following  paragraphs. 
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Figure  8-8.  Timer  Interrupt  Mask  Register  2  (TMSK2) 

Bit  7,  TOI  Timer  Overflow  Interrupt  Enable.  This  read/write  bit  is  cleared  by  reset.  If  this  bit  is  set,  a 
timer  overflow  interrupt  request  is  initiated  each  time  the  TOF  bit  (in  TFLG2)  is  set  as  a 
result  of  a  timer  counter  overflow. 

Bit  6,  RTII  RTI  Interrupt  Enable.  This  read/writs  bit  is  cleared  to  zero  by  reset  and  is  used  to  enable  or 
inhibit  RTIF  interrupt  flags  from  causing  hardware  interrupt  sequences.  When  RTII  is 
clear,  the  RTIF  flag  is  masked  (inhibited).  When  RTII  is  set,  the  RTIF  flag  is  enabled  to 
causes  a  hardware  interrupt. 

Bit  5,  PAOVI  Pulse  Accumulator  Overflow  Interrupt  Enable.  This  read/write  bit  is  cleared  to  zero  by 
reset  and  is  used  to  enable  or  inhibit  PAOVF  interrupt  flags  from  causing  hardware  inter¬ 
rupt  sequences.  When  it  is  set,  a  hardware  interrupt  results  when  the  PAOVF  bit  is  set. 
Bit  4,  PAH  Pulse  Accumulator  Input  Interrupt  Enable.  This  reed/write  bit  is  cleared  to  zero  by  reset 
and  is  used  to  enable  or  inhibit  PAIF  interrupt  flags  from  causing  hardware  interrupt  se¬ 
quences.  When  it  is  set,  a  hardware  interrupt  results  if  the  PAIF  bit  is  set. 

Bits  3,  2  These  bits  are  not  implemented.  Reads  of  these  bits  will  always  return  a  logic  zero. 

Bit  1 ,  PR1  Timer  Prescaler  Selects.  These  two  bits  may  be  read  at  any  time  but  may  only  be  written 

Bit  0,  PRO  during  initialization.  Writes  are  disabled  after  the  first  write  or  after  64  E  cycles  out  of 

reset.  If  the  MCU  is  in  special  test  or  special  bootstrap  mode,  then  these  two  bits  may  be 
written  any  time. 


These  two  bits  specify  the  timer  prsscaier  divide  factor. 


PR1  PRO  DiwIde-by-Factor 


0  0  1 

0  1  4 

1  0  8 

1  1  16 


8.1.13  Timer  Interrupt  Flag  Register  2  (TFLG2I 

Timar  system  flag  register  2  (TFLG2)  is  used  to  indicate  the  occurrence  of  timer  system  events  and, 
together  with  the  TMSK2  register,  allows  the  timer  sub-systems  to  operate  in  a  polled  or  interrupt  driven 
system.  For  each  bit  in  timar  flag  register  2  (TFLG2),  there  is  a  corresponding  bit  in  timer  mask  register  2 
(TMSK2)  in  the  same  bit  position.  If  the  mask  bit  is  set  each  time  the  condhiora  for  the  corresponding  flag 
are  met,  a  hardware  interrupt  sequence  is  requested,  as  well  as  the  flag  bit  being  set. 

The  timer  system  status  register  indicates  when  interrupt  conditions  have  occurred.  To  dear  a  bit,  or  bits,  a 
logic  one  is  written  to  it,  or  them. 

Bit  manipulation  instructions  would  be  inappropriate  for  flag  clearing  because  they  are  read-modify-write 
instructions.  Even  though  the  instruction  mask  implies  that  the  programmer  is  only  interested  in  some  of 
the  bits  in  the  manipulated  location,  the  entire  8-bit  location  is  actually  read  and  rewritten  which  may  clear 
other  bits  in  the  register. 

The  timer  system  flag  register  2  is  shown  in  Figure  8-9  and  the  bits  are  described  in  the  following 
paragraphs. 
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Figure  8-9.  Timer  Interrupt  Flag  Register  2  (TFLG2) 


Bit  7,  TOF  Timer  Overflow.  This  bit  is  cleared  by  reset.  It  is  set  to  one  each  time  the  16-bit  free- 
running  counter  advances  from  a  value  of  $FFFF  to  $0000.  In  order  to  acknowledge  (dear) 
the  TOF  flag  the  user  must  perform  a  write  operation  to  TFLG2  with  bit  7  sat. 


Bit  6,  RTIF  Real  Time  Interrupt  Flag.  This  bit  is  cleared  by  reset.  RTIF  is  sat  at  each  rising  edge  of  the 
selected  tap  point.  To  clear  the  RTIF  flag,  a  software  write  is  performed  to  the  TFLG2 
register  with  bit  6  set  to  one. 


Bit  5,  PAOVF  Pulse  Accumulator  Overflow  Interrupt  Rag.  This  bit  is  cleared  by  reset  and  becomes  set 
when  the  count  in  the  pulse  accumulator  rolls  over  from  $FF  to  $00.  This  bit  is  deared  by  a 
write  to  the  TFLG2  register  with  bit  5  set. 

Bit  4,  PAIF  Pulse  Accumulator  Input  Edge  Interrupt  Flog.  This  bit  is  deared  by  reset,  and  becomes  set 
when  an  active  edge  is  detected  on  the  PAI  input  pin.  This  bit  is  cleared  by  a  write  to  the 
TFLG2  register  with  bit  4  set. 


Bits  3-0 


These  bits  are  not  implemented  and  they  read  as  a  logic  zero. 


8.2  REAL  TIME  INTERRUPT 


The  real  time  interrupt  feature  on  the  MC68HC11A8  is  configured  and  controlled  by  two  bits  in  the  PACTL 
control  registerIRTRI  and  RTRO)  to  select  one  of  four  interrupt  rates.  The  RTII  bit  in  TMSK2  enables  the  in¬ 
terrupt  capability.  Every  timeout  causes  the  RTIF  bit  to  be  set  in  TFLG2,  and  if  RTII  is  set.  an  interrupt  re¬ 
quest  is  generated.  After  reset,  one  entire  real  time  interrupt  period  elapses  before  the  RTIF  flag  is  set  for 
the  first  time. 


8.3  PULSE  ACCUMULATOR 

The  pulse  accumulator  is  an  8-bit  counter  which  can  operate  in  either  of  two  modes  depending  on  the  state 
of  the  PAMOO  control  bit  in  PACTL.  In  the  event  counting  mode,  the  8-bit  counter  is  clocked  to  increasing 
values  by  an  external  pin.  In  the  gated  time  accumulation  mode,  an  E/64  dock  drives  the  8-bit  counter,  but 
only  while  the  external  PAI  input  pin  is  in  a  selected  state. 

The  pulse  accumulator  uses  port  A  bit  7  as  its  PAI  input,  but  this  pin  also  shares  function  as  a  general  pur¬ 
pose  I/O  pin  and  as  a  timer  output  compare  1  output.  Although  the  port  A  bit  7  pin  would  normally  be  con¬ 
figured  as  an  input  when  being  used  for  the  pulse  accumulator,  it  still  drives  the  pulse  accumulator  system 
even  when  it  is  configured  for  use  in  its  altemata  capacities. 


8.4  PULSE  ACCUMULATOR  CONTROL  REGISTER  (PACTL) 

Four  bits  in  this  register  are  used  to  control  an  8-bit  pulse  accumulator  system  and  two  other  bits  are  used 
to  select  the  rate  for  the  real  time  interrupt  system.  Figure  8-10  and  the  following  paragraphs  describe  the 
function  of  each  of  the  bits. 
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Figure  8-10.  Pulse  Accumulator  Control  Register  (PACTL) 


Bit  7,  OORA7  Data  Direction  for  Port  A  Bit  7.  This  read/write  bit  is  cleared  by  reset  and  is  used  to  ertaUe 
or  disable  the  output  driver  for  the  port  A  bit  7  pin.  When  DDRA7  is  zero  the  port  A  bit  7 
pin  is  configured  for  input  only  and  when  DDRA7  is  one  port  A  bit  7  is  corrfigured  for  out¬ 
put.  Note  that  even  when  port  A  bit  7  is  configured  for  output,  this  pin  still  acts  as  the  in¬ 
put  to  the  pulse  accumulator  system. 

Bh  6,  PAEN  Pulse  Accumulator  System  Enable.  This  read/write  bit  is  cleared  by  reset  and  is  used  to 
enable  or  disable  the  pulse  accumulator  system.  When  it  is  set,  the  pulse  accumulator  is 
enabled,  and  when  dear,  the  pulse  accumulator  system  is  disabled. 


Bit  5,  PAMOD  Pulse  Accumulator  Mode.  Tfiis  read/write  bit  controls  whether  the  pulse  accumulator  is 
to  operate  in  the  external  event  counting  mode  or  the  gated  time  accumulation  mode. 
When  it  is  zero,  the  pulse  scumuiator  counts  pulses  on  the  PAI  input  pin  (port  A  (lit  71. 
-When  it  is  set,  the  pules  accumulator  operates  in  the  gated  time  accumulation  mode  and 
the  PAI  input  allows  the  pulse  accumulator  counter  to  count.  The  PAMOO  bit  is  deared 
to  zero  by  reset. 

Bit  4,  PEOGE  Pulse  Accumulator  Edge  Control.  This  read/write  bit  has  different  meanings  depandirtg 
on  the  state  of  the  PAMOO  control  bit.  This  bit  is  cleared  by  reset. 


PAMOD  PEOGE  Action  on  Clock 

0  0  PAI  Falling  Edge  Incrementa  the  Counter 

0  1  PAI  Rising  Edge  Increments  the  Counter 

1  0  A  ‘O'  on  PAI  Inhibits  Counting 

1  1  A  ‘V  on  PAI  Inhibits  Counting 

Bits  3-2  These  bits  are  not  implemented  and  read  as  a  logic  zero. 


Bit  1 ,  RTR1  RTI  Interrupt  Rate  Selects.  These  two  read/write  bits  select  one  of  four  rates  for  the  real 

Bit  0,  RTRO  time  periodic  interrupt  circuit  (see  Table  B-1).  Reeat  clears  these  two  bits  and  after  reset,  e 

full  RTI  period  elapses  before  the  first  RTI  interrupt. 


Table  B-1.  Real  Time  Interrupt  Rate  versus  RTR1  and  RTRO 
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SECTION  9 

SYSTEM  PROTECTION 


This  section  describes  ttie  computer  opersting  property  (COP)  system  feeture  and  ottwr  system  protection 
featuree. 

9.1  COP  WATCHDOG  SYSTEM 

The  MC66HC11A8  includes  a  COP  (computer  operating  properly)  watchdog  system  to  help  protect  against 
software  failures.  To  use  a  COP  watchdog  timer,  a  watchdog  raaet  saquenca  is  executed  on  a  regular 
periodic  basis  so  that  the  watchdog  timer  is  never  allowed  to  time  out. 

The  internal  MC68HC11  AS  COP  function  includes  special  control  bits  which  permit  specification  of  one  of 
four  time  out  periods  and  even  allows  the  function  to  be  disabled  completely. 

The  NOCOP  control  bit,  which  determines  whether  or  not  a  watchdog  timeout  causes  a  system  reset,  is  bn- 
plarrMnted  in  an  EEPROM  cell  in  the  CONFIG  register.  Once  progranyned,  this  bit  remaina  set  (or  cleerad) 
even  whan  no  power  is  applied  to  the  MC68HC11A8.  and  the  COP  function  is  ertabled  or  diaabhd  indepen¬ 
dent  of  resident  software.  The  NOCOP  control  bit  may  be  overridden  while  in  special  test  nnodas  so  the 
COP  system  can  be  inhibited  from  causing  a  hardware  reset. 

Two  other  control  bits  in  the  OPTION  register  select  one  of  four  timeout  durations  for  the  COP  timer.  The 
actual  timeout  period  is  deperKlent  on  the  system  E  clock  frequency,  but  for  reference  purposes.  Table  9-1 
shows  the  relatiorwhip  between  the  CR1  and  CRO  control  bits  and  the  COP  timeout  period  for  various 
system  dock  frequendes. 

Table  9-1.  COP  Timeout  Period  versus  CR1  and  CRO 


9.2  CONFIGURATION  OPTIONS  REGISTER  lOPTiON) 

This  is  a  special  purpose  8-bit  register  that  is  used  (optionally)  during  initialization  to  configure  internal 
system  configuration  options.  With  the  exception  of  bits  7,  B,  and  3  lADPU,  CSEL,  and  CME)  which  may 
be  read  or  written  at  any  time,  this  register  may  be  written  to  only  once  after  a  reset  and  thereafter  is  a  read¬ 
only  register.  If  no  write  is  performed  to  this  location  within  64  E-clock  cycles  after  reset,  then  bits  5,  4,  1 , 
and  0  (IRQE,  OLY,  CR1,  and  CRO)  will  become  read-only  to  minimize  the  possibility  of  any  accidental 
changes  to  the  system  configuration.  While  in  special  test  modes,  the  protection  mechanism  on  this 
register  is  overridden  and  all  bits  in  the  OPTION  register  may  be  written. 

Figure  8-1  and  the  following  paragraphs  describe  the  function  of  each  of  the  bits. 
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Figure  9-1.  Configuration  Optiona  Register  (OPTION) 

Bit  7,  AOPU  A/D  Powarup.  This  bit  is  cleared  by  reset  and  controls  operation  of  the  on-chip  anaiog-to- 
digital  converter.  When  AOPU  is  clear,  the  A/D  system  is  powered  down  and  conversion  re¬ 
quests  will  not  return  meaningful  information.  To  use  the  A/0  system,  this  bit  should  be  set. 

Bit  6,  CSEL  A/0  Clock  Source  Select.  This  bit  is  cleared  by  reset  and  determines  the  clocking  source  for 
the  on-chip  A/0.  When  this  bit  is  zero,  the  MCU  E  dock  drives  the  A/D  system.  When  CSEL 
is  one,  an  on-chip  R-C  oscillator  is  enabled  and  clocks  the  A/D  system  at  about  1 .5  MHz  rate. 
When  running  with  an  E  clock  less  than  1  MHz,  CSEL  must  be  high  to  program  or  erase  the 
EEPROM. 

Bit  5,  IRQE  IRQ  Edge/ Level  Sensitive.  This  read /write  bit  is  cleared  at  reset.  When  it  is  dear,  the  il^  pin 
is  configured  for  level  sensitive  wired-OR  operation  (low  level)  and  when  it  is  set,  the  IRQ  is 
configured  for  edge-only  sensitivity  (falling  edges)  on  the  il^  pin. 

Bit  4,  OLY  STOP  Exit  Tum-On  Delay.  This  bit  may  only  be  written  under  special  drcumstsncaa  as 
described  above.  This  bit  is  set  to  one  during  reset  and  controls  whether  or  not  a  relativsiy 
long  tum-on  delay  will  be  imposed  before  processing  can  resume  after  a  STOP  period.  If  an 
external  clock  source  is  supplied  this  delay  can  be  inhibited  so  that  processing  can  reaume 
within  a  few  cycles  of  a  wake  up  from  STOP  mode.  When  OLY  is  a  one,  delay  is  imposed  to 
allow  oscillator  stabilization  and  when  OLY  is  a  zero,  this  delay  is  bypassed. 

Bit  3,  CME  Clock  Monitor  Enable.  This  control  bit  may  be  read  or  written  at  any  time  and  controls 
whether  or  rrat  the  internal  clock  monitor  circuit  will  trigger  a  reset  sequence  when  a  slow  or 
absent  system  clock  is  detected.  When  it  is  clear,  the  clock  monitor  circuit  is  disabled  and 
whan  it  is  set,  the  clock  monitor  circuit  is  enabled.  Systems  operatiitg  at  or  below  200  KHz 
should  not  use  the  clock  monitor  function.  Reset  dears  the  CME  bit. 

Bit  2  Not  Implemented.  Reads  as  a  logic  zero. 

Bit  1,  CR1  COP  Timer  Rate  Selects.  Refer  to  Table  9-1  for  the  relationship  between  CR1:CR0  and  the 
Bit  0,  CRO  COP  timeout  period. 


9.3  CLOCK  MONITOR 


The  clock  monitor  function  is  enablad  by  th«  CME  control  bit  in  ttw  OPTION  register.  When  CME  is  zero, 
the  function  is  disabled  and  when  CME  is  a  one,  the  clock  monitor  function  detects  the  absence  of  an  E 
dock  for  more  than  a  certain  period  of  time.  The  timeout  perkxf  is  dependent  on  processing  parameters  and 
win  be  between  5  and  100  microaeconds.  This  means  that  an  E-clock  rate  of  200  kHz  or  more  will  never 
cauee  a  clock  monitor  failure  and  an  E-dock  rate  of  10  kHz  or  less  will  definitely  cause  a  dock  monitor 
failure.  This  implies  that  systems  operating  near  or  below  an  E-clock  rate  of  200  kHz  should  not  use  the 
dock  monitor  function. 


Upon  detection  of  a  slow  or  absent  dock,  the  clock  monitor  drcuit  (if  enabled  by  CME  =  II  will  cause  a 
system  reset  to  be  generated.  This  reset  is  issued  to  the  external  system  via  the  bidiractiortal  RESEt  pin. 


Special  cortsiderations  are  needed  when  using  a  STOP  function  and  dock 
Since  the  STOP  function  causes  the  clocks  to  be  halted,  the  dock  monitor 
sequence  if  it  is  enabled  at  the  time  the  STOP  mode  is  entered. 


monitor  in  the  same  system, 
function  will  gerterate  a  reset 


SECTION  10 

ADDRESSING  MODES  AND  INSTRUCTION  SET 


This  section  providae  a  description  of  the  addressing  modes  and  instruction  set. 


10.1  ADDRESSING  MODES 

Six  addressing  modes  can  be  used  to  reference  memory;  they  include:  immediate,  direct,  extended,  in¬ 
dexed  (with  either  of  two  16-bit  index  registers  stkI  an  8-bit  offsM),  inherent  and  ralativa.  Some  instructions 
require  an  additional  byte  before  the  opcode  to  accomodate  a  multi-page  opcode  map;  thw  byte  is  called  a 
prebyte. 

The  following  paragraphs  provide  a  description  of  each  addressing  mode  plus  a  discussion  of  the  prebyte. 
In  these  deacriptiorw  the  term  effective  address  is  used  to  indicate  the  address  in  memory  from  which  the 
argument  is  fetched  or  stored,  or  from  which  execution  is  to  proceed. 

10.1.1  Immediate  Addreeeing 

In  the  immediate  addressing  mode,  the  actual  argument  is  contained  in  the  bytels)  immediately  following 
the  instruction,  where  the  number  of  bytes  matches  the  size  of  the  register.  These  are  two,  three,  or  four  (if 
prebyte  is  required)  byte  instructions. 

10.1.2  Direct  Addresing 

In  the  direct  addressing  mode,  the  leest  significant  byte  of  the  operand  address  is  contained  in  a  single  byte 
foNowing  the  opcode  and  the  most  significant  byte  is  assumed  to  be  tOO.  Direct  addressing  allows  the  user 
to  access  MQOO  through  MOFF  using  two  byte  instructions  and  execution  time  is  reduced  by  eliminating  the 
edditiortel  memory  access.  In  most  applicetions,  this  2S6-byte  area  is  reserved  for  frequently  referenced 
data.  In  the  MC0WC11 A8,  software  can  configure  the  memory  map  so  that  internal  RAM,  and/or  internal 
registers,  or  external  memory  specs  cen  occupy  these  addresses. 

10.1.3  Extended  Addreeeing 

In  the  extended  addressing  mode,  the  second  and  third  bytes  (following  the  opcode)  contain  the  absolute 
address  of  the  operand.  These  ere  three  or  four  (if  prebyte  is  required)  byte  instructions:  one  or  two  for  the 
opcode,  and  two  for  the  effective  address. 

10.1.4  Indexed  AMreeeing 

In  the  indexed  addressing  mode,  one  of  the  index  registers  (X  or  Y)  is  used  in  calculating  the  effective  ad- 
dreea.  In  this  ease,  the  effective  address  is  varisbie  and  depends  on  two  factors:  1)  the  currant  contents  of 
the  index  register  (X  or  Y)  being  used,  and  2)  the  8-blt  unsigned  offset  contained  in  the  instruction.  This  ad¬ 
dressing  mode  allows  referencing  any  memory  location  in  the  64K  byte  address  space.  These  are  usually 
two  or  three  (if  prebyte  is  required)  byte  instructions,  the  opcode  plus  the  8-bit  offset. 


► 


10.1.5  Inherent  Addressing 

In  the  inherent  addressing  mode,  all  of  the  information  to  execute  the  instruction  is  contained  in  the  op¬ 
code.  The  operands  (if  any)  are  registers  and  no  memory  reference  is  required.  These  are  usually  one  or  two 
byte  instructions. 

10.1.6  Relative  Addressing 

The  relative  addressing  mode  is  used  for  branch  instructions.  If  the  branch  condition  is  true,  the  contents  of 
the  8-bit  signed  byte  following  the  opcode  (the  offset)  is  added  to  the  contents  of  the  program  counter  to 
form  the  effective  branch  address;  otherwise,  control  proceeds  to  the  next  instruction.  These  are  usually 
two  byte  instructions. 

10.1.7  Prebyte 

In  order  to  expand  the  number  of  instructions  used  in  the  MC68HC1 1 A8,  a  prebyte  instruction  has  been  ad¬ 
ded  to  certain  instructions.  The  instructions  affected  are  usually  associated  with  index  register  Y.  The  op¬ 
code  instructions  which  do  not  require  a  prebyte  could  be  considered  as  page  1  of  the  overall  opcode  map. 
The  remaining  opcodes  could  be  considered  as  pages  2,  3,  and  4  of  the  opcode  map  and  would  require  a 
prabyte;  $18  for  page  2,  $1A  for  page  3,  and  $CD  for  page  4. 

10.2  INSTRUCTION  SET 

The  central  processing  unit  (CPU)  in  the  MC68HC11A8  is  basicaHy  a  proper  extension  of  the  MC6801  CPU. 
In  addition  to  its  ability  to  execute  all  M6800  and  M6801  instructions,  the  MCSWCIIAS  CPU  has  a  paged 
operation  code  (opcode)  map  with  a  total  of  91  rtew  opcodes.  Major  functional  additions  include  a  second 
16-bit  index  register  (Y  register),  two  types  of  16-by-16  divide  instructions,  STOP  and  WAIT  instructions, 
and  bit  manipulation  instructions. 

Table  10-1  shows  all  MC68HC11A8  instructions  in  all  possible  addressing  modes.  For  each  instruction,  the 
operand  construction  is  shown  as  well  as  the  tot^  number  of  machine  code  bytes  and  execution  time  in 
CPU  E-clock  cycles.  Notes  are  provided  at  the  and  of  Table  10-1  which  explain  the  letters  in  the  Operand 
and  Execution  Time  columns  for  some  instructions.  Definition  of  "Special  Ops"  found  in  the  Boolean  Ex¬ 
pression  column  is  found  in  Figure  10-1. 

Tables  10-2  through  10-8  prm^  a  detailed  description  of  the  information  present  on  the  address  bus,  data 
bus,  and  the  rsad/write  (R/W)  line  during  each  cycle  of  each  instruction.  The  information  is  useful  in  com¬ 
paring  actual  with  expected  results  durirtg  debug  of  both  software  and  hardware  as  the  program  is  ex- 
scuted.  The  information  is  categorized  in  groups  according  to  addressing  mode  and  number  of  cycles  per 
instruction.  In  general,  instructions  with  the  same  addressirtg  mode  and  number  of  cycles  execute  in  the 
same  manner.  Exceptions  are  indicated  in  the  table. 


Tabla  10-1.  MC68HC11A8  Inatruetiona.  Addr— Ing  Modas.  and  Exacution  Timaa  (Shaat  1  of  71 


MacMn*  Coding 

Sourco  Booloan  Mod#  for  IHoM^lmoll 

Formlil  Oporatlon  Eiprootion  Oporand  Opcoda  I  Oparandl^ 


Add  Accutnulaton 


ABV  AddBloV 


AOCA  (opri  Add  with  Cany  to  A 


AOCB  lopri  I  Add  with  Carry  to  B 


AOOA  (oprI  Add  Matnory  to  A 


AOOe  lopri  Add  Mamory  to  B 


AOOO  (opri  Add  IB-Bit  to  0 


A*B  — 


ly  *00;B— n 


A>M»C— 


ANOA  (opri  ANO  A  with  Mamory 


ANOB  (opr)  I  ANO  B  «wth  Mamory 


*CyMaay-cvelamnBarpro»tdaaaiafitancaieTaMaaf(>-2through  lOBaMchd 
Eaampta;  TaMa  10-1  Cyola  by-CyOa  ooharai  laApanta  numbar  2-4  aquala  Ti 


■Bla  10-2  ha  Nam  24. 


Tabla  10-1.  MCIBHC11A8  Inttructiont.  Addraasing  Modaa.  and  Exacution  Timaa  (Shaat  2  of  7) 


AddTMtkiQ  Machina  Coding  g  S 
Mode  for  iHojiodocimoli  t  & 
Oporond  Opcedo  I  Oporonditi 


Oporotion 


BGE  (rel)  I  Branch  if  >  Zero 


BGT  lre<>  Branch  if  >  Zero 


8HI  (rtO  BrarKh  if  Higher 


BHSlrel^  Branch  if  Higher  or  Samo 


BITA  (opr)  8il(s)  Teet  A  with  Memorv 


61TB  (opr)  B^(a)  Tear  8  with  Memory 


Branch  if  s  Zero 


Branch  if  Lower 


Branch  if  Lower  or  Same 


BrarKh  If  <  Zero 


BrarKh  if  Minus 


BrarKh  if  Not «  Zero 


BrarKh  if  Plus 


BrarKh  Afways 


Branch  if  Bit(s)  Clear 


Boolean 

expression 


’N  0  V  =  0 


>Z  *  (N  0  V)  =0 


BLE  (rel) 


BLO  (ral) 


BLSIrel) 


BLT  (rail 


BM<  (rail 


8NE  (ral) 


BPLlrall 


BRA  (rail 


Branch  Nairar 


BrarKh  if  BitisI  Set 


BSETloprl  Set  BitisI 
(mfkl 


8SR  (ral)  BrarKh  to  Subroutw^e 


BVCirel)  BrarKh  if  Overflow  Clear 


BVS  (rail  I  BrarKh  if  Overflow  Set 


Compare  A  to  B 


Clear  Carry  Bit 


Clear  interrupt  Mask 


CLR  (opr)  Clear  Memory  Byte 


CLRA  Clear  Accumulator  A 


CLRB  Clear  AccurTMjiator  6 


Clear  Overflow  Rag 


CMPAiopfll  Corrtpara  A  ID  Memory 


^Cyda-bv-cycie  number  providao  a  refarerKO  to  Tablaa  1(V2  through  100  wMch  deal  cyde-by’Cydaoparaiton. 
Example:  Table  10- 1  Cyde-by-CyvIe  coHittwi  reference  mimber  24equ0a  Table  10'2  Ine  Hem  2-4. 


Table  10-1.  MC68HC11A8  Instructions.  Addressing 


Operation 


CMPB  (opr)  I  Compare  B  to  Memory 


BooiMn 

Cxprpeeioi 


ModM,  and  Exacution  Timaa  (Shaat  3  of  7) 


COM  (opr)  I  1 '%  Complement  Memory  Byte  IlFF  -  M  — *  M 


COMA 


COMB 


CPD  (opr) 


Vs  Complement  A 


Vs  Complement  B 


Compere  0  to  Memory 
16-Bit 


CPX  (opr)  Compere  X  to  Memory 
16-Bit 


CPy  (opr)  Compere  Y  to  Memory 
16- Bit 


OAA  Oecimel  Adjust  A 


0€C(opr)  Oecrement  Memory  Byte 


OECA  Oecrement  Accumuletor  A 


DECS  Oecrement  Accumuletor  8 


OES  Oecrement  Stock  Pointer 


EORB  (opr)  Exclusive  OR  B  w<t^  Memory 


Frectionei  Oivrde  16  by  16 


INC  loprl 

Increment  Memory  Byte 

INCA 

Increment  Accumuletor  A 

INCB 

Increment  Accumulator  B 

INS 

lnci«ni«ni  Stack  Pointar 

Cyde-by-eyde  number  providoee  reference  to  Tables  10-2  through  10-6whichdateilcvde-bv-cyde  operation. 
Example;  Table  10- 1  Cyde-by-Cyde  column  refererKe  number  2-4  equde  Table  10-2  Mne  item  2-4. 


S^X‘ 


Tabla  10-1.  MC68HC11A8  Inatructfons.  Addraaaing  Modaa,  and  Exacution  Timaa  (Shaat  4  of  71 


<^rtilr*wing  Mftchin*  C4>dlng  .  •  Cycl« 

Sourc*  BooImo  Mod*  for  <Ho<odocim»ll  ^  *5  by  Condtttoo  CodM 

Formit)  Oporation  ERproMion  Oporond  OpcodoTOporondlt)  S  U  Cyclo*  S  X  H  I  N  Z  V  C 


INX  Jncfement  Index  RegitterX  |  IX  »  1  —  IX 


INY  Increment  Index  Register  Y  lY  ♦  1  —  lY 


JHP  (opr)  Jump  See  Spectel  Ops 


JSR  (OprI  {  Jump  to  Subroutine 


LOAA  (opr)  Load  Accumulator  A  M  ^ 


LOAB  (opr)  Load  Accumulator  B 


LOO  (opr)  I  Load  Oouble  Accumulator  0  M^A.M^I^ 


LOS  (opr)  I  Load  Stack  Pomtf 


LOX  (opr)  Load  Index  Regtster  X 


LOY  (opr)  I  Load  Index  Register  Y 


LSL  (opr)  Logical  Shift  Left 


LSLB 


LSLO  Logical  Shift  Left  Oouble 


LSRA 


LSRB 


LSRO  Logical  Shift  Right  Oouble 


MUL  MuHiplyBbvB 


O—tllUlLlHo 

C  b7  bO 

EXT 

IND.X 

INO.Y 

A  INH 

B  INH 

78 

88 

18  68 

48 

58 

0— ar-ro-o 
C  btS  bO 

INH 

06 

EXT 

74 

IND.X 

64 

o-fnnnD— c 

INO.Y 

18  64 

b7  bO  C 

A  INH 

B  INH 

44 

54 

O-mC-  -ZI3— 0 
bis  bO  C 

INH 

04 

AxB— 0 

INH 

3D 

*Cvcle-by-cvcle  number  proeidae  a  refererKS  to  Teblea  1(K2  through  104  nxhich  detei  cycie»by-cycfe  openden. 
Example;  Table  10-1  Cyele-by  - Cycle  ccKewn  reference  number  2-4  equela  Table  10-2  Rne  item  24. 


Tabl«  10-1.  MC68HC11A8  Initruction*.  Addfwing  Mod—,  and  Ex«cutlon  Tim—  (Sh— t  S  of  7) 


Soufc* 

Form(«) 

Operation 

Boolean 

Expreeeton 

MacMno  Codinp 
IHajtatfecImall 

1 

& 

a 

u 

>. 

U 

|S| 

Condltton  Codaa 

Oparandlal 

S  X  H  1  N  Z  V  C 

NEC  loprl 

2’t  Compl«ment  Memory  Byte 

70 

hh  H 

3 

n 

S4 

•  ■  ■  ■  t  I  t  t 

80 

ft 

2 

H 

8-3 

18  60 

H 

3 

a 

7-3 

NEGA 

2*1  Complamant  A 

0- A— A 

A  INH 

40 

D 

B 

mm 

-  -  ■  1  t  1  t 

NEGB 

2*1  Complement  B 

O-B— B 

B  INH 

SO 

D 

B 

2-1 

J  t  t  1 

NOP 

NoOperetion 

No  Operation 

INH 

01 

n 

B 

2-1 

OPAA  (opr) 

OR  Accumutetor  A  (Incluervel 

A+M  — A 

A  IMM 

BA 

u 

2 

2 

3-1 

-  -  ■  1  1  0 

A  DIR 

9A 

dd 

2 

3 

4-1 

A  EXT 

BA 

hh  N 

3 

4 

S-2 

A  tNO.X 

AA 

tt 

2 

4 

8-2 

A  IND,Y 

18  AA 

ff 

3 

5 

7  2 

ORAB  (opr) 

OR  Accumutetor  B  Unduelve) 

B  IMM 

CA 

ii 

2 

2 

3-1 

-  -  -  -  1  t  0 

B  OIR 

DA 

dd 

2 

3 

4-1 

B  EXT 

FA 

hh  1 

3 

4 

5-2 

B  INO.X 

EA 

ff 

2 

4 

8-2 

B  1ND,Y 

18  EA 

ff 

3 

s 

7  2 

PSHA 

Push  A  onto  Stack 

A— S(k,SP-SP-l 

A  INH 

36 

D 

B 

El 

PSHB 

Puah  B  onto  Stack 

B— SBi,SP=SP-i 

BINH 

37 

D 

B 

K£8 

PSHX 

Pueh  X  onto  Stack  (Lo  FirMl 

IX— Stk.SP=SP-2 

(NH 

3C 

D 

D 

mm 

PSHY 

Puah  Y  ortto  Stack  (Lo  Fintl 

lY— Stk,SP*SP-2 

INH 

ETTie 

E 

B 

mm 

PULA 

Pul  A  from  Stack 

SP=SP+1.A— Stk 

A  INH 

32 

B 

E 

mm 

PULB 

Pul  B  from  Stack 

SP»SP+1,B— Stk 

BINH 

33 

B 

E 

mm 

PUtX 

SP-SP+2.IX— Sik 

INH 

38 

B 

B 

Kan 

PUIY 

Pul  V  from  Stack  (Hi  Rrat) 

SP*SP+ZIV— Sik 

INH 

18  3B 

E 

E 

laa 

ROLloprI 

Roiata  Lift 

79 

hh  N 

3 

8 

SB 

-  -  -  f  1  t  1 

0— amiax] 

ee 

ff 

2 

8 

S3 

C  b7  —  bO  C 

18  m 

ff 

3 

7 

■tl 

KOLA 

A  INH 

48 

1 

2 

El 

nOLB 

B  INH 

SB 

1 

2 

El 

RORIoprl 

Rotate  Right 

78 

hh  M 

3 

8 

S8 

-  -  I  J  1  J 

66 

ff 

2 

6 

6-3 

□-lia.ULLI-~0 

18  86 

ff 

3 

7 

mm 

flORA 

C  b7  —  bO  C 

A  INH 

48 

1 

2 

wSi 

BOAB 

BINH 

SB 

1 

2 

El 

RTl 

Return  from  Interrupt 

Saa  Special  Opa 

INH 

3B 

D 

IE 

BQ 

I  1  I  1  I  1  1  t 

RTS 

Ratum  from  Subroutitw 

See  Special  Opa 

INH 

38 

D 

B 

WiFt 

SBA 

Subtract  B  from  A 

A-B  — A 

INH 

10 

D 

B 

ma 

.  -  1  t  "ri 

SBCA  (opr) 

Subtract  with  Carry  from  A 

aagM 

A  IMM 

82 

a 

2 

Q 

3-1 

t  1  t  t 

A  OIR 

92 

dd 

2 

n 

4-1 

A  EXT 

B2 

hh  H 

3 

Q 

El 

A  INO.X 

A2 

ff 

2 

n 

El 

A  (NO.Y 

18  A2 

3 

Q 

^9 

SBCBioprI 

Subtract  from  Carry  from  B 

B  IMM 

C2 

ii 

2 

2 

3-1 

-  1  1  1  1 

■■■■ 

B  OIR 

02 

dd 

2 

3 

4-1 

B  EXT 

F2 

hh  1 

3 

4 

El 

- 

B  INO.X 

E2 

ff 

2 

4 

El 

B  INO.Y 

18  E2 

ff 

3 

5 

El 

SEC 

Sat  Cany 

INH 

00 

D 

B 

El 

. t 

SE) 

1-*l 

INH 

OF 

D 

B 

msm 

...  1  ...  . 

SEV 

Sat  Ovarflow  Flag 

1— V 

INH 

OB 

D 

B 

2-1 

. 1 

*Cvcl»-by-cvcl*  numtaat  pmMm  ■  rtfaranc*  lo  TaWaa  tO-2  through  lOa which  Ooiiil  cvcto-br-cydo  oparation. 
Exampla:  TaUa  10-1  Cyda-by  Cvda  cohimn  rafaracKa  numpar  2-4aqualaTaWa  10-2  Nna  ham  2-4. 


*C)Wl»-bycycltnumb«rpfovidMa  r0f»fer>c«  to  TtMm  10-2  through  10-6  wh<h  dttwi  cycio-bvcyctooporahon 
Cxamgla:  Tabla  10-1  Cydo-bv-Cyd* column refor«nc«numb«r2-4oquattTab<«  10-2hn«itom24 


*  5t3f 


Tabto  10-1.  MC68HC11A8  in«tfuctlons.  Addrasaing  Modaa.  and  Execution  Times  (Sheet  7  of  7) 


Sourea 

Formlal 

Oparadon 

Boolaan 

Eapraaaion 

Addfaaaing 
Moda  for 
OporaiMl 

Machina  Coding 
IHaxadacrmolf 

1 

a 

u 

Cycla 

by 

Cycla* 

Condition  Codaa 

f 

Oparandiai 

S  X  H  1  N  Z  V  c 

TXS 

Trantfar  X  to  Stack  Pointar 

lX-1  — SP 

INH 

35 

n 

H 

2  2 

TYS 

Tranalar  Y  to  Stack  Pointar 

lY  -  1  —  SP 

INH 

B 

01 

msM 

WAI 

Wait  for  Imarrupt 

Stack  RagaEt  WAIT 

INH 

3E 

B 

ca 

XGDX 

Exchartga  D  with  X 

IX  — 0.  0  — IX 

iNH 

8F 

n 

El 

2-2 

XGOY 

Exchanpa  0  with  Y 

INH 

I8  8F 

1] 

2-4 

*Cvd«-l>y-cycla  numtMr  pravidM  a  ratoanct  to  TaUaa  tO-2  through  104  which  datail  cvda-try-cvcta  ooarahon. 

Eaacrigla:  Tabla  10-1  Cyda-by-Cyda  cotumn  rafaranca  numOar  2-4aquala  Tabia  10-2  Una  rtam  2-4. 

*  *lnfinitv  or  Untl  Raaai  Occura 

***1Trtrlaaaraiiaarttiauiiiiiini]niiltithanprtii1a1itrti  *  iiiaintatiii~-ii~ii1— ^rrhrimiirt--  affinfnrininm)i - — »»rniig  -i — 

until  an  intamjiM  ia  racagnind.  Finalv,  two  additional  cvdaaara  uaad  to  fatch  tha  appropiiata  intamiot  vactor  114  -i-  n  totall. 

dd  >8-BllOiraetAddraaa(«aaOO-«IOFf=HHighBvtaAaaumadtobaMOI 

If  -SBIlPoailNaOMaatMIOiOlto(FFI2S6MlaAddadtolndaal 

hh  -HighOrdarBylaode-BitEMandadAddraaa 

ii  -  Ona  Byta  of  kntnaitaia  Data 

ii  >  High  Ordar  Byta  ol  16-Bltlinmadlata  Data 

kk  >  Low  Ordar  Byta  of  IB-BHImmadiata  Data 

N  >U>wOrdarBytnof  IB-BItEiilandadAddraaa 

mm  •  SBit  Bit  Maak  (Sat  Bitt  to  ba  AlfactadI 

rr  -SionadRalatMaOffaattaO(-iaitol7F|t.127l 

(Offaatftalativato  tha  AddraaaFolowing  tha  Machina  Coda  OffiatBytal 

<six 


nn  MTUM  FROM  MTERRUn 


Tabto  10-2.  Cycl«-by-Cycl«  Operation— lnh«r«nt  Moda  (Shaat  1  of  3) 


Rtftroftct 

Addran  Mod* 

Cyclo 

R/W 

Numbor* 

and  Inttructiont 

Cyclot 

1 

Addrau  Bua 

Line 

Oeta  But 

2  1 

ABA.  ASIA.  ASLB, 

2 

Opcode  Addrett 

Opcoda 

ASRA,  ASRB.  CBA. 
CLC,  CLI.  CLRA, 

CLRB.  CLV.  COMA, 
COMB.  OAA.  OECA. 
OECB.  INCA.  INCB. 
LSLA.  LSLB.  LSRA. 
LSRB.  NEGA.  NEGB. 
NOP.  ROLA.  ROLB. 
RORA.  RORB.  SBA. 
SEC.  SEI.  SEV. 

STOP,  TAB,  TAP, 

TBA.  TPA,  TSTA. 

TSTB 

Opcode  Address  f 

Irralavant  Data 

22 

ABX.  ASLO.  OEX. 

3 

1 

Opcoda  Addrata 

Opcoda 

INX.  LSLO.  LSRO. 

2 

Opeoda  Addraa.  1 

Irrelevent  Deta 

TXS.  XGDX 

3 

$FFFF 

Inalavant  Data 

2-3 

OES,  INS.  TSX 

3 

Opcoda  Addtaaa 

Opcoda 

Opcoda  Addiaaa.t 

Irtataaant  Data 

H 

Pravioua  SP  Vatua 

Itralaaant  Data 

2-4 

ABV,  OEY.  INY. 

Opcoda  Addraaa 

Opcoda  IPaga  Salaet  Bytal  IliBI 

TVS.  XGOY 

Opcoda  Addraaa-f  1 

Opcoda  ISacond  Byta) 

Opcoda  Addraaa  .2 

1 

Ittalaiiant  Data 

■■ 

»FFFf 

’ 

Irrei^ent  Otu 

25 

TSY 

Opcoda  Addtaaa 

Opcoda  (Papa  Salaet  Bytal  IktB) 

Opcoda  Addraaa  *1 

Opcoda  ISacond  Bytal  1*301 

Opeoda  Addraaa  .2 

ittalavam  Data 

■■ 

Stack  Pointar 

^Db 

Inalavant  Data 

2-6 

PSHA.  PSHB 

3 

1 

Opcode  AddTMS 

^bh 

Opcoda 

2 

Opcoda  Addraaa -r  1 

Inalayaot  Data 

3 

Slack  Poaitar 

Accumulaiar  Data 

PSHX 

4 

1 

Opcoda  Addraaa 

Opcoda  l*3CI 

2 

Opcoda  Addraaa  *  1 

liialarant  Data 

3 

Stack  Pomiar 

IXL  (Low  Byte)  to  Steefc 

4 

Slack  Poaitar -1 

■■ 

IXH  IHigli  Bytal  to  Stack 

2-8 

PSHY 

5 

Opcoda  Addtaaa 

Opcoda  IPaga  Salaet  Bytal  1*181 

Opcoda  Addraaa*  1 

Opcoda  ISacond  Bytal  l*XI 

Opcoda  Addraaa  *  2 

Inalavant  Data 

Slack  Pointar 

IXL  ILow  Bytal  to  Stack 

5 

Stack  Pointar  - 1 

■■ 

IXH  IHigli  Bytal  to  Stack 

2-9 

PULA.  PULB 

4 

1 

Opcoda  Addraaa 

1 

Opcoda 

2 

Opcoda  Addraaa*  1 

1 

Inalavant  Data 

3 

Slack  Pointar 

1 

Inalavant  Data 

4 

Stack  Pointar  *  1 

1 

Ooarand  Data  from  Stack 

2  10 

PULX 

5 

1 

Opcoda  Addraaa 

Opcoda  1*381 

2 

Opcoda  Addraaa  *  1 

Irreievam  Oeta 

3 

Slack  Pointar 

Inalavant  Data 

4 

Stack  Poaitar  *  1 

^H^B 

IXH  (High  Byte)  from  Stack 

5 

Slack  Poaitar  *  2 

I^D^B 

IXL  ILow  Bytal  from  Stack 

2-11 

PULV 

8 

Opcoda  Addtaaa 

^^MB 

Opcoda  IPaga  Salaet  Bytal  1*181 

Opcoda  Addraaa  *  1 

Opcoda  ISacond  Bytal  1*381 

Opcoda  Addraaa  *2 

Inalavant  Data 

Stack  Pointar 

Inalavant  Data 

5 

Stack  Pointar  *  1 

^H^B 

lYH  IHigh  Bytal  from  Stack 

6 

Stack  Poaitar  *  2 

bDH 

lYL  ILow  Bytal  from  Slack 

*Thi  ftfirwK*  number  it  gtvtn  to  provvdi  •  crcMi-ftftrtnct  to  Ttblt  10*1 


I  VM 


Table  10-2.  Cycle-by-Cycle  OpTation— Inherwit  Mode  (Sheet  2  of  3) 


Aoloronca 

Numbor* 

Addrata  Modo 
and  inatructiona 

Cyciaa 

CycU 

i 

Addrata  Bua 

R/W 

Line 

Data  Bu* 

2  12 

RTS 

1 

Opcoda  Addraaa 

1 

Opcode  (4391 

2 

Opcode  Addraaa  «■  1 

1 

Irrelevent  Data 

3 

Stacit  Pcxntar 

1 

Irrelevant  Data 

Stack  Pointer  ♦  1 

1 

Address  of  Next  Instructkm 

(High  Byte! 

StMk  Pointer  *■  2 

1 

Address  of  Next  Instruction 

(Lomt  Byte) 

2  13 

MUL 

m 

Opcoda  Addru* 

1 

Opcode  ($301 

Opcod*  Addms  *  1 

1 

irrelevani  Data 

4FFfP 

1 

Irrafevam  Data 

4FFFF 

1 

irielavant  Data 

5 

4FFFF 

1 

Irrelevant  Data 

6 

»FfFF 

1 

liraianant  Data 

7 

4FFFF 

1 

Irielewam  Data 

a 

IFFFF 

1 

Irralavant  Oat* 

9 

4FFFF 

Irrelevant  Data 

_ 1 

10 

4FFFF 

irralavam  Data 

2  14 

RTt 

12 

1 

Opcod*  Addian 

Opcode  l*3BI 

2 

Opcode  Addr****  1 

Irrelevant  Data 

3 

Suck  Pomtw 

Irralavant  Data 

4 

Stack  Pointar  *  1 

(Edition  Cod*  Ragialar  from  Stack 

S 

Stack  Point*t»2 

B  Accumulator  from  Stack 

6 

Stack  Pointar  *  3 

1 

A  Accumulator  from  Stack 

7 

Stack  Pointar  »  4 

IXH  IHigh  Bytal  from  Slack 

8 

Stack  Pointar  *  5 

(XL  (Low  Bytal  from  Stack 

9 

Stack  Pointar  *  6 

IVH  (High  Bytal  from  Stack 

10 

Stack  Pointar  7 

1 

lYL  (Low  Bytal  from  Slack 

11 

Stack  Pointar  *  8 

Addraaa  of  Next  Inatruciion 

(High  Bytal 

'2 

Stack  Pointar -r  9 

1 

Itddraaa  of  Next  Inamiction 

(lonr  Bytal 

2  15 

SWI 

u 

Opcod*  addraaa 

1 

Opcod*  l*3fl 

Opcod*  Addraaa  *  1 

1 

Irratovam  Oaia 

Stack  Pointar 

0 

Return  Addraw  (Low  Bytal 

Stack  Pointar  - 1 

0 

Return  Addraaa  (High  Bytal 

5 

Stack  Point*r-2 

0 

lYL  (Low  Bytal  to  Stack 

Stack  Point*r-3 

0 

lYH  (High  Bytal  to  Stack 

Slack  Poiniar-4 

0 

IXL  (Low  Bytal  to  Slack 

Slack  Pointar -5 

0 

IXH  (High  Bytal  to  Stack 

9 

Stack  Poait*r-6 

0 

A  Accumulator  to  Slack 

10 

Slack  Point*r-7 

0 

B  Accumulator  to  Stack 

11 

Stack  Pointar  -8 

0 

Condition  Coda  Ragiatar  to  Stack 

12 

Stack  Point*r-8 

I 

Irralarant  Data 

13 

Addraaa  of  SWI 

1 

SWI  Service  Routine  Rrtrtiaas 

Vector  Ifirat 

IHigfr  Bytal 

Locationl 

14 

Addraaa  ol  Vactor  *  1 

1 

SWI  Service  Routirre  firlrtraei 

- 

(Second  Locationl 

(Low  Bytal 

WAI 

14  ♦  o 

1 

Opcoda  Addraaa 

WM^M 

Opcod*  lt3EI 

2 

Opcod*  Addraaa  ft 

Irralavant  Oat* 

3 

Stack  Poaitar 

Return  Addraa  ILonv  Bytal 

4 

Stack  Pointar -1 

Raium  Addraaa  (High  Bytal 

5 

Stack  Pointar-2 

lYL  (Low  Byte)  to  Sleek 

Stack  Pointar- 3 

IVH  (High  Bytal  to  Stack 

Stack  Po*tt*r-4 

IXL  (Low  Bytal  to  Stack 

Stack  Po*tt*r-5 

IXH  (High  Bytal  to  Slack 

Stack  Poirrtar-8 

°  1 

A  Accumulaior  to  Stack 

numb«r  tt  givtn  to  pfovtdo  a  croaartftrtnca  to  Tab*t  10*1 


f  s»a 


T«bl«  10-2.  Cycto-by-CycIa  OpTatlon— lnh«f  nt  Moda  ISh— t  3  of  31 


Rafaranc* 

Numbaf* 

Addrott  Mod* 

•nd  Inttnictiont 

Cyelaa 

Cyclt 

0 

Addraaa  But 

R/W 

Une 

Data  Bua 

2  16 

WAI 

14 +  n 

■■ 

Stack  Pomttf  -  7 

mm 

B  Accumulator  to  Steck 

(Continutd) 

S't  ick  Pomttr— 6 

Condition  Coda  Ragatar  to  Slack 

Stack  Pwntef-8 

irraiavant  Oata 

Addran  of  Vector 

Service  Routine  Addreee  (High  Byte) 

(First  Location) 

n  «-  14 

Addtaia  of  Vactor 

Sarvica  Routina  Addraaa  (Low  8vtal 

(Second  Location) 

2-17 

1 

Opcoda  Addraaa 

Opcoda 

2 

Opcoda  Addraaa  *  1 

Irreievent  Oeca 

3-41 

4FFFF 

Inalavant  Data 

2  18 

Paga  1  l«agal 

15 

Opcoda  Addraaa 

Opcoda  llkagal) 

Opcodat 

Opcoda  Addraaa  ^  1 

1 

Inalavant  Oata 

$FFFF 

1 

Irreievent  Date 

Stack  Poirrtar 

0 

R«um  Addraaa  ILow  Bytal 

5 

Stack  Pointar-1 

0 

Ratum  Addraaa  IHigh  Bytal 

6 

Stack  Pomtar  -  2 

0 

lYL  ILow  Bytal  to  Stack 

7 

Stack  Poiniar-3 

0 

lYH  IHigh  Bytal  to  Stack 

8 

Stack  Pointer -4 

0 

IXL  ILow  Bytal  to  Stack 

9 

Stack  Pointer— 5 

0 

IXH  thigh  Byte)  to  Steck 

10 

Stack  Pointar-6 

0 

A  Accufflulalor 

11 

Stack  Pointar-7 

0 

8  Accumulator 

12 

Stack  Porntar-8 

0 

Condition  Coda  Ragiaiar  to  Slack 

13 

Stack  Po«tar-8 

1 

Inalavant  Data 

\4 

Addraaa  of  Vactor 

1 

Sarvica  Routina  Addraaa  IHigh  Bytal 

(Firat  LocalionI 

15 

Addraaa  of  Vactor +  1 

1 

Sarvica  Routina  Addraaa  ILow  Bytal 

(Sacond  LocalionI 

2-19 

Pagaa  2.  3.  or  4 

16 

Opcode  Addraaa 

1 

Opcoda  ILagal  Paga  Sdaet) 

Magal  Opcodaa 

Opcoda  Addraaa  *  1 

1 

Opcoda  (Hagai  Sacond  Bytal 

Opcoda  Addraaa  *  2 

1 

Irreievent  Deta 

$FFFF 

1 

Irreievent  Oete 

5 

Stack  Pointar 

0 

Ratum  Addraaa  ILow  Bytal 

6 

Steck  Pointer— 1 

D 

Ratum  Addraaa  (High  Bytal 

7 

Stack  Pointar -2 

0 

lYL  ILow  Bytal  to  Slack 

8 

Stack  Pointar-3 

0 

lYH  IHigh  Bytal  to  Slack 

9 

Stack  Pointar-4 

0 

IXL  ILow  Bytal  to  Stack 

10 

Sleek  Pointer-5 

0 

tXH  (High  Byte)  to  Stock 

11 

Steck  Pointer— 6 

0 

A  Accumulalor 

12 

Stack  Pointar-7 

0 

8  Accumulalor 

13 

Stack  Pointer— 8 

0 

Condition  Code  Regieter  to  Steck 

14 

Stack  Pointar-8 

1 

Inalavant  Data 

15 

ikddraaa  of  Vactor 

1 

Service  Routine  Addreee  (High  Byte) 

IFirat  Location) 

16 

Addraaa  of  Vactor  *  1 

1 

Sarvica  Routina  Addraaa  ILow  Bytal 

(Second  Location) 

2-20 

TEST 

(nfinrtt 

I 

Opcoda  Addraaa 

Opcoda  IMIOI 

2 

Opcoda  Addraaa  *  1 

Irreieiient  Dete 

- 

3 

Opcoda  Addraaa  -i- 1 

tnalayant  Dau 

4 

Opcoda  addraaa* 2 

Irraiavant  Oata 

5— n 

Praviota  Addraaa*  1 

■■ 

Inalavant  Data 

*Th9  faftfnca  numter  it  givtn  to  providt  •  crott-rofortnct  to  Ttbtt  10-1 


t5»C 


Tabla  10-3.  Cycle-by-Cycl«  Operation  — Immadiate  Mod* 


Reference 

Address  Mode 

Cycle 

R/W 

Number* 

and  Instructions 

Cycles 

M 

Address  Bus 

Line 

Data  Bus 

3  1 

ADCA  AOCB  ADOA. 

2 

Opcode  Address 

1 

Opcode 

ADDS.  ANOA  ANOe 
BITA.  BITB.  CMPA 

CMPB.  eORA.  eORB 
LOAA.  L0A6.  ORAA 
GRAB.  SBCA.  SBCe. 

suBA,  suaa 

Opcode  Address  »  1 

1 

Operand  Oats 

3  2 

LOO.  LOS.  LOX 

3 

Opcode  Address 

Opcode 

2 

Opcode  Address  *- 1 

Operand  Data  IHtgh  Byte) 

3 

Opcode  Address  *  2 

1 

Operand  Data  (Low  Byte) 

3  3 

AOOO.  CPX.  SUBO 

4 

1 

Opcode  Address 

1 

Occod* 

2 

Opcode  Address  *■  l 

1 

Operand  Date  (High  Byte) 

3 

Opcode  Address  *  2 

1 

Operand  Date  (Low  Byre) 

4 

SFFPF 

1 

Irrelevant  Date 

3  4 

LOY 

4 

1 

Opcode  Address 

1 

Opcod*  IP*g»  S«lKt  Byte)  (t18) 

2 

Opcode  Address  1 

1 

Opcode  (Second  Byte)  (4EC) 

3 

Opcode  Address  ♦  2 

1 

Opacwid  Dm*  (High  Byte) 

4 

Opcode  Address  *  3 

1 

Operand  Data  (Low  Byte) 

3  5 

CPD.  CPY 

5 

1 

Opcode  Address 

1 

Opcod*  (Pig*  SiMct  Byial 

2 

Opcode  Address  t 

1 

Opcode  (Second  Byte) 

3 

Opcode  Address  2 

1 

Operand  Data  (High  Byte) 

4 

Opcode  Address  *  3 

1 

Operand  Data  (Low  Byte) 

5 

SFFFF 

1 

irreievam  Data 

*Th«  re(-ff«nc«  number  (s  gtven  to  provide  a  cross  reference  to  Tabte  10*1 


f5J$ 


Table  10-4.  Cycl«-by-Cvci«  Opwtion- Direct  Mode  ISheet  1  of  2) 


Reference 

Number* 

Address  Mode 
and  Instructions 

CvC(M 

Cycli 

i 

Addrm  Bui 

R/W 

Line 

Diu  Bm 

/  ; 

AOCA.  AOCB.  ADOA. 

3 

1 

Opcode  Address 

1 

Opcodi 

AODB,  ANOA.  ANOe. 

2 

Opcode  Address  *■  1 

1 

Operand  Address  iLow  Byte) 

BITA.  BITB.  CMPA. 

1  High  Byte  Aaeumed  to  be  $00) 

CMPB.  EORA.  EORB 

3 

Operand  Address 

1 

Operand  Data 

LOAA.  LOAB.  ORAA. 

GRAB.  SBCA.  SBCB. 

SUBA.  SUBB 

4  2 

staa.  stab 

3 

1 

Opcodi  Addrn* 

1 

Opcode 

Opcode  Address 

1 

Opirind  Addrm  (Low  Byti( 

(High  Byte  Aeeumed  to  be  $00) 

3 

Operand  Address 

0 

Date  from  Accumulator 

a- 1 

LOO.  LOS.  LOX 

4 

1 

Opcodi  Addrm 

1 

Opcodi 

2 

Opcode  Address  *  t 

1 

Opirind  Addrm  (Low  Bytil 

(High  Byte  Assumed  to  be  $00) 

3 

Opirind  Addrm 

1 

Operand  Data  (High  Byte) 

4 

Opirind  Addrm  -  1 

1 

Opirind  OlM  (Low  Byral 

4-4 

STD.  STS.  STX 

4 

Opcodi  Addrm 

1 

Opcod* 

2 

Opcode  Address  *  1 

1 

Operand  Address  (Low  Byte) 

- 

(High  Byte  Assumed  to  be  ($00) 

3 

Opirind  Addrm 

0 

Rigiiwr  Oiti  (High  Byn) 

4 

Operertd  Addraae  1 

0 

Riomir  Oin  (Low  Byti) 

45  - 

LOY 

5 

1 

Opcodi  Addrm 

1 

Opcodi  (Pigi  Sidct  Bytii  (ItS) 

2 

Opcod*  Addrm- 1 

1 

Opcodi  (Sicond  Bytii  (lOE) 

3 

Opcodi  Addrm  -  2 

1 

Opinnd  Addrm  (Low  Byti) 

(High  Byte  Aaeumed  to  be  $001 

4 

Opinnd  Addrm 

Opinnd  OiU  (High  Byiii 

5 

...  1 

Operand  Address  *  f 

1 

Operand  Date  (Low  Byte) 

The  referewee  number  •  given  to  provide  e  croee-reference  to  Teble  10-1 


Tabla  10-4.  Cycle-by-Cycle  Operation  —  Uirect  ivioae  i&neet  i.  ot  t.\ 


Roference 

Number* 

Address  Mode 
end  instructions 

Cycloa 

Cycle 

t 

Address  Sue 

R.^W 

Line 

Data  Bua 

4-6 

STY 

5 

1 

Opcode  Address 

Opcode  (Page  Select  Byte*  (S18I 

2 

Opcode  Address  *  1 

Opcode  (Secortd  Byte)  ISOF) 

3 

Opcode  Address  2 

Operand  Address  (Low  Byte) 

( High  Byte  Assumed  to  be  $00) 

4 

Operand  Address 

0 

Register  Oets  (High  Byte) 

5 

Operand  Address  *■  1 

Register  Data  (Low  Byte) 

4-7 

AODO.  CPX.  SU80 

5 

1 

Opcode  Address 

I 

Opcode 

2 

Opcode  Address  »  1 

1 

Operand  Address  (Low  Byte) 

(High  Byte  Assumed  to  be  $00) 

3 

Operand  Address 

Operand  Data  IHign  Bytal 

4 

Operand  Address  *  t 

Operand  Data  (Low  Byte) 

5 

’ 

Irrelevant  Data 

4-a 

JSR 

5 

1 

Opcode  Address 

■ns 

Opcoda  1*901 

2 

Opcode  Address  ♦  1 

Subroutine  Address  (Low  Byte) 

(High  Byte  Assumed  to  be  $00) 

3 

StAKOutme  Address 

First  Subroutins  Opcode 

4 

Slack  Pointer 

Return  Address  (Low  Byte) 

5 

Stack  Pointer  - 1 

■■ 

Return  Address  (High  Byte) 

CPD.  CPY 

6 

■nH 

Opcoda  Addraaa 

Opcode  IPaga  Select  Bytal 

■^1 

Opcode  Address  >  1 

Opcoda  (Second  Bytal 

Opcode  Address  2 

Oparand  Addraaa  (Low  Bytal 

(High  Byte  Assumed  to  be  $00) 

operand  Addraaa 

Operand  Oets  (High  Byte) 

5 

Oparand  Addraaa  *  1 

operand  Data  (Low  Bytal 

6 

SFFFF 

Irralavant  DaU 

Aid 

BCtR.  BSET 

6 

1 

(Xxoda  Addraaa 

m 

Opcoda 

2 

Opcode  Address  *■  1 

Operand  Addret  (Low  Byte) 

(High  Byte  Aaaumad  to  be  *001 

3 

Oparand  Addraaa 

Otigaral  Oparand  Data 

4 

Opcoda  Addraaa  -  2 

Maak  Byte 

5 

$FFFF 

Irralavant  Data 

6 

Opererid  Address 

RaauM  operand  Data 

4-11 

BRCLR.  BRSET 

6 

1 

Opcode  Addraaa 

Opcoda 

2 

Opcode  Address  1 

Operand  Addraaa  (Low  Bytal 

(High  Byte  Asaumed  to  be  $00) 

3 

Opertnd  Address 

Ongmei  Operand  Date 

4 

Opcode  Addraaa  •-  2 

Maak  Byte 

5 

Opcode  Address  *  3 

Branch  Offset 

6 

$FFFF 

■■ 

irreievent  Date 

*Th«  r«f«r«nc«  number  is  given  to  provide  «  croes-iefererKe  to  Tebte  10-1 


Table  10-6.  Cycla-by-CycIa  Operation— Extended  Mode  (Sheet  1  of  2) 


and  InatnKttOM 


ADCA.  A0C8.  AOOA. 
AOOe.  ANOA.  ANOa. 
BITA.  arfs.  CMPA. 
CMPB.  EOXA.  EOaa. 
LOAA.  LOAB.  OBAA. 
DBAB.  SBCA.  SBCB. 
SUBA.  SUBB 


Opcod*  Addraw 
Opcoda  Addraaa^  1 
Opcoda  Addraaa<^2 


Opcoda  Addraaa 
Opcoda  Addraaa  ) 
Opcoda  AddraM«2 
Oparand  »i1draaa 


Data  Bua 


Opcoda  lt7E) 

Jump  Addraaa  (Hig*<  Bytal 
Jump  Addraaa  (Low  Byta) 


Opcoda 

Oparand  Addraaa  I  High  Bytal 
Oparand  Addraaa  ILow  Bytal 
Oparand  Data 


*'nia  rataranea  numbar  ia  gkran  to  provida  a  croaa  rataranca  to  TaWa  10- 1 


Tabto  10-S.  Cyct«-by-Cyclg  Opaftion— Extended  Mod«  (Sha<t  2  of  21 


Opcode  Address 
Opcode  Address »  f 
Opcode  Address  2 
Opersnd  Address 
Opcode  Address 
Opcode  Address  «•  1 
Opcode  Address  *  2 
Opersrw)  Address 
Opersrtd  Address  *  I 


Opcode  Address 
^;.code  Address  *■  f 
Opcode  Address  «•  2 
Opersr>d  Address 
Operar>d  Address  *■  1 


Opcode  Address 
Opcode  Address  *  1 
Opcode  Address  *  2 
Opcode  Address  *■  3 
Opersfxl  Address 
Opersr>d  Address  «■  1 


Opcode  Address 
Opcode  Address  *■  1 
Opcode  Address  2 
Opcode  Address  *  3 
Opersod  Address 
Opersnd  Address  *  1 


Opcode  Address 
Opcode  Address  *  1 
Opcode  Address  ♦  2 
Operand  Address 


I 


Oscoda  Addraaa 
Opcodt  Addraaa  *  I 
Opcoda  Addraaa  *  2 
Ooarand  Addraaa 
Oparand  Addraaa  *  1 
»FFFF 


Opcoda  Addraaa 
Opcoda  Addraaa  <- 1 
Opcoda  Addraaa  *  2 
Opcoda  Addraaa  ♦  3 
Oparand  Addraaa 
Oparand  Addraaa  *  1 
$FFFF 


Opcoda  Addraaa 
Opcoda  Addraaa  ♦  1 
Opcoda  Addraaa  2 
Sutiroutna  Addraaa 
Slack  Pointar 
Slack  Pointar  - 1 


Oparand  Addraaa  IHigh  Byial 
Oparand  Addraaa  ILow  Bytal 
Accumulator  Data 


Opcoda 

Oparand  Addraaa  IHigli  Bytal 
Oparand  Addraaa  ILow  Bytal 
Oparand  Data  IHigti  Bytal 
Oparand  Data  ILow  Bytal 


Opcoda  IPaga  Salact  Bytal  lalBI 
Opcoda  ISacond  Bytal  ($FEI 
Oparand  Addraaa  IHigh  Bytal 
Oparand  Addraaa  ILow  Bytal 
Oparand  Data  IHigh  Bytal 
Oparand  Data  ILow  Bytal 


Opcoda  IPaga  Salact  Bytal  laiBI 
Opcoda  ISacond  Bytal  IFFFI 
Oparand  Addraaa  IHigh  Bytal 
Oparand  Addraaa  ILow  Bytal 
Ragiatar  Data  IHigh  Bytal 
Ragialar  Data  ILow  Bytal 


Opcoda 

Oparand  Addraaa  IHigh  Bytal 
Oparand  Addraaa  ILow  Bytal 
Original  Oparand  Oats 
Irralavant  Data 
Raauli  Oparand  Data 


Opcoda  ia7DI 

Oparand  Addraaa  IHigh  Bytal 
Oparand  Addraaa  ILow  Bytal 
Original  Oparand  Data 
Irralavant  Data 
Irralavant  Data 


Opcoda 

Ooarand  Addraaa  IHigh  Bytal 
Oparand  Addraaa  ILow  Bytal 
Oparand  Dau  IHigh  Bytal 
Oparand  Data  ILow  Bytal 
Irralavant  Data 


Opcoda  IPaga  Salact  Bytal 
Opcoda  ISacond  Bytal 
Oparand  Addraaa  IHigh  Bytal 
Oparand  Addraaa  ILow  Bytal 
Oparand  Dau  IHigh  Bytal 
Oparand  Data  ILow  Bytal 
Irralavant  Data 


Opcoda  IkBDI 

SuProutina  Addraaa  IHigh  Bytal 
SuProutina  Addraaa  ILow  Bytal 
Firat  Opcoda  m  SuProutma 
Ratum  addraaa  ILow  Bytal 
Ratum  Addraaa  IHigh  Bytal 


*'niarafarancanurnpar  lagivan  toprovidaacroaa'rtfarancaioTabla  10-1 


Tabto  10-S.  Cycl«-bv-Cycl«  Operation -Indaxad  X  Mode  (Sheet  1  of  2) 


Reference 

Addreee  Mode 

Cyel* 

wntM 

Number* 

end  Imtructlone 

CyelM 

t 

Addreee  But 

Oete  Bue 

e-1 

JMP 

3 

1 

mS 

Opcode  ($6E) 

2 

Index  Offset 

3 

■■ 

Irrelevant  Oats 

6-2 

ADCA.  AOCB.  ADDA. 

4 

t 

Opcode  Address 

1 

Opcode 

AOOB.  ANOA.  ANOB. 

2 

Opcode  Address  *■  1 

1 

Index  Offset 

BITA,  BITB.  CMPA, 

3 

4FFFF 

1 

irrelevent  Data 

CMPB.  EORA.  EORB. 
LDAA.  LDAB.  ORAA. 
ORAB.  SBCA.  SBCB. 
SUBA.  SUBB 

4 

(IX) «  OHsei 

1 

Operar>d  Data 

6-3 

ASL.  ASR,  CLR. 

6 

1 

Opcode  Address 

■■ 

Opcode 

COM.  DEC.  INC. 

2 

Opcode  Address  1 

IruSex  Offset 

LSL.  LSR.  NEC. 

3 

4FFFF 

Irrelevent  Oats 

ROL,  ROn 

4 

11X1 4.  Offset 

■■ 

Ongmel  Operend  Deu 

s 

$FFFF 

Irrelevent  Oats 

6 

IIX)<^ORsM 

Retull  Opererrd  Oete 

6-4 

TST 

6 

Opcod*  Addran 

Opcode  1*601 

Opcode  Address  *  1 

Irtdex  Offset 

$FFFF 

Irrelevem  Data 

IIXI  *  OflMt 

■■ 

OrigM  Operand  Data 

S 

»FFFF 

Irrelevent  Data 

« 

tFFFF 

Hi 

Irrelevant  Data 

6^5 

STAA.  STAB 

1 

Opcode  Address 

■■ 

Opcode 

2 

Opcode  Address  1 

litdee  OReei 

3 

tPFPP 

II 

Irrelevant  Data 

_*J 

IIX)<^0«fwt 

n 

Accumulator  Data 

64 

LOO.  LOS.  LOX 

s 

Opcod*  AddrtW 

Opcode 

Opcodt  Addran  » 1 

Index  Offset 

tPFPP 

Irreieyent  Oete 

■■ 

IIX) »  Offset 

■■ 

Operend  Oete  IHigh  Bytel 

5 

IIXl  ♦  Offnt  *  1 

■■ 

Operend  Oete  ILow  Bvtel 

6-7 

LOY 

6 

1 

Opcode  Addrn* 

1 

Opcode  IPege  Select  Bvtel  l*IAI 

2 

Opcode  Addran '»! 

1 

Opcode  (Second  Byte)  (lEEl 

3 

Opcode  Address  *  2 

1 

Index  Offset 

4 

$FFFF 

1 

Irrelevant  Data 

5 

IIX) «  Offset 

1 

Operand  Data  (High  Bytel 

6 

IIXI  ORnt »  1 

1 

Operand  Data  (Low  Bytel 

M 

STO.  STS.  STX 

5 

■■ 

Opcode 

Opcode  Addren  *  1 

■■ 

Indei  OReet 

IFFFF 

■■ 

If  relevant  Data 

IIXI  ♦  OReet 

Regieter  Data  (High  Bytel 

s 

(IXI  Offset  4- 1 

Regreter  Oete  ILow  Bvtel 

e* 

STY 

Opcode  Addran 

■■ 

Opcode  IPege  Select  Bvtel  I*IA| 

Opcode  Addren  *  1 

Opcode  (SecofMl  Bytel  (lEF) 

Opcode  Addren  *  2 

Irrdex  Offset 

IFFFF 

Irrelevant  Data 

s 

(IXI  f  Offset 

Wm 

RegNter  Data  (High  Bytel 

^HHi 

6 

IIXI  ♦  OReei »  1 

■■ 

Register  Data  (Low  Bytel 

eio 

AOOD.  CPX.  SUBO 

|K]BH 

Opcode  Addren 

■nH 

Opcode 

Opcode  Addren  -r  I 

Indet  OReet 

$FFFF 

Irrelevant  Data 

IIXI «  Offset 

Register  Data  (High  Bytel 

5 

(IXI «  Offset «  1 

Regvter  Data  (Low  Byte) 

$FFFF 

■■ 

Irrelevent  Oete 

‘Th«  r«ftr«nc«  number  •  given  to  provide  e  croee-reference  to  Teble  tO- 1 


'  U»4 


Table  10-6.  Cycl«-by-Cycle  Op«ration  — Index  X  Mod«  (Sh— t  2  of  2) 


Cvcim 

Cycle 

§ 

Address  Bus 

R/W 

Line 

Oete  Bus 

6-11 

CPO.  CPY 

7 

1 

Opcode  Address 

1 

Opcoda  IPaga  Salact  Byte) 

2 

Opcode  Address  *- 1 

1 

Opcode  (Second  Byte) 

3 

Opcode  Address  >  2 

1 

Indei  Offset 

4 

SFFFF 

1 

Irralavant  Data 

5 

(IXI  >  OHset 

1 

Ragiatar  Data  IHigh  Bytal 

6 

(IX»  + Offset  *1 

1 

Register  Date  (Low  Byte) 

7 

$FFFF 

1 

irrelevent  Oste 

6-12 

JSR 

1 

Opcode  Address 

Opcode  IFAOl 

2 

Opcodo  Addrns  >  1 

lr>dex  Offset 

3 

SFFFF 

Inalavant  Data 

4 

11X1 -OR«m 

First  Opcode  in  Subroutine 

S 

Stecfc  Porntor 

Return  Address  (Low  Byte) 

6 

Steck  Poster  - 1 

KBB 

Return  Address  (High  Byte) 

6-t3 

BCLR.  BSET 

1 

Oocodo  Addfat* 

Opcode 

2 

Opcode  Address  *■  1 

Indaa  Offaat 

3 

SFFFF 

Inalavant  Data 

4 

IIXI  -  Offaat 

Origina  Opatand  Data 

5 

Opcode  Address  *■  2 

Maak  Byte 

6 

SFFFF 

Irralavant  Data 

7 

IIX)  >  Offset 

■mm 

RaauM  Oparand  Dau 

6-14 

BRCLR.  BRSET 

Opcode  Address 

Opcoda 

Opcoda  Addtaat  - 1 

Indaa  Offaat 

SFFFF 

Irralavant  Data 

IIXI  -  Offaat 

Origaial  Oparand  Data 

5 

Opcoda  Addraaa  -  2 

Maak  Bvta 

6 

Opcode  Address  *  3 

Branch  Offaat 

mm 

7 

$PFFP 

■Dm! 

Irralavant  Data 

*  Th«  reference  number  it  given  to  provide  a  cross-reference  to  Tebte  10- 1  '  U9t 


Table  10-7.  Cycle-by-Cycle  Operation— Indexed  Y  Mode  (Sheet  1  of  2) 


Reference 

Number* 

Address  Mode 
end  Instructione 

Cyclaa 

Cycle 

f 

Address  Bus 

lE^S 

Data  Bua 

7-1 

^  J 

JMP 

4 

1 

2 

3 

4 

Opcode  Address 
Opcode  Address  *■  1 
Opcode  Address  *  2 
SFFFF 

■ 

Opcode  (Pegs  Select  Byte)  (SIB) 
Opcode  (Secortd  Byte)  (S6E) 

Index  Offset 

Irrelevent  Oete 

2  AOCA,  A0C8.  ADOA. 

AOOB.  ANOA.  ANOB. 
BITA.  BITB.  CMPA. 
CMPB.  EORA.  EORB. 
LDAA.  LOAB.  ORAA. 
ORAB.  SBCA.  SBCB. 
SUBA.  SUBB 


1 

2 

3 

4 

5 

Opcoda  Addraaa 
Opcoda  Addraaa  - 1 
Opcoda  Addraaa  -  2 
FFFFF 

IIVI  *  Offaat 

1 

Opcoda  IPaga  Salact  Bytal  1*181 
Opcoda  ISacond  Bytal 

Indaa  Offaat 

Irralavant  Data 

Oparand  Data 

1 

Opcoda  Addraaa 

Opcoda  IPaga  Salact  Bytal 

2 

Opcoda  Addraaa  - 1 

Opcoda  ISacond  Bytal 

3 

Opcoda  Addraaa -2 

ifKlex  Offset 

4 

SFFFF 

Irralavant  Dau 

5 

livt  *  Offaat 

Original  OpararKf  Oau 

6 

SFFFF 

Irrelevent  Oste 

7 

llYl  ♦  Offaat 

■■ 

Raauk  Oparand  OaU 

Th«  rcfarcnc*  nufntMr  «  givan  to  ptovid*  ■  crois  'otoronco  to  Tibi*  I0-* 


Table  10-7.  CycIt-by-Cycle  Opefation— ind#x>d  Y  Mod#  (Sh— t  2  of  2) 


Roforonco 

Numbor* 

Addross  Modo 
snd  Instructions 

Cycln 

Cyclo 

# 

Addross  bus 

R/W 

Litre 

Data  Bua 

74 

TST 

7 

1 

Opcode  Address 

■■ 

Opcode  (Page  Select  Bytel  (1181 

2 

Opcode  Address  *  ^ 

Opcode  (Second  Bytel  1*601 

3 

Opcode  Address  *■  2 

Index  Offset 

iFffF 

IrrsieverTt  Osts 

(IY>  ^Offset 

Onginei  Opersrrd  Dsts 

$FFFF 

Irreievsnt  OstS 

_ 1 

$FFFF 

■■ 

Irrelevant  Date 

mn 

STAA.  STAB 

S 

t 

Opcode  Address 

Opcode  (Page  Select  Bytel  (*18l 

2 

Opcode  Addraw  1 

Opcode  (Second  Bytel 

3 

Opcode  Addraea  <-2 

Index  Offset 

4 

$FFFF 

lireleverH  Data 

HH 

s 

llVt  +  Otfiai 

Bfl 

Accumulator  Data 

7^ 

LOO.  LOS.  LOX. 

6 

I 

Opcode  Addraea 

■■ 

Opcode  (Page  Select  Bytel 

LOV 

2 

Opcode  Addraea  *1 

Opcode  (Second  Bytel 

3 

Opcode  Addraea  »  2 

Irrdex  Offset 

4 

»FFFF 

Irrstevent  Dsta 

5 

nvi  t  ottMt 

Operend  Oats  (High  Bytel 

6 

IIYI*0«eett1 

Operand  Data  (Lour  Bytel 

7  7 

STO.  STS.  STX. 

6 

) 

Opcode  Addraea 

■■ 

Opcode  (Page  Select  Bylel 

STY 

2 

Opcode  Addraea  « 1 

Opcode  (Second  Bytel 

3 

Opcode  Addraea  4- 2 

Index  Offaat 

4 

»FFFF 

irreievsnt  Oats 

S 

(IY1  *  Olteet 

flagiatar  Dale  (High  Bytel 

6 

llYl4^0fteat4l 

■1 

Ragietar  Data  (Low  Bytel 

7S 

AODO.  CPO.  CPX. 

7 

IKHi 

Opcode  Addraea 

Opcode  (Page  Seleci  Bytel 

CPV.  SUBO 

MM 

Opcode  Addraea  *  1 

Opcode  (Second  Bytel 

Opcode  AiMraee  *  2 

indsx  Offset 

■■ 

$FFFF 

Irralavam  Data 

5 

1IY)*Offtat 

Operand  Data  (High  Bytel 

6 

nY)*0«eet»1 

(Dparand  Data  (Low  Bytel 

7 

$FFFF 

irreievsnt  Data 

KH 

JSR 

7 

1 

Opcode  Address 

■■ 

Opcode  (Page  Seleci  Bytel  1*181 

2 

Opcode  Addraea  *■  1 

Opcode  (Second  Bytel  (*AOI 

3 

Opcode  Address  *  2 

Irrdex  Offset 

4 

$FFFF 

irrsievsnt  Data 

5 

(lY)  ♦  Offeet 

First  Opcode  in  Subroutine 

6 

Stack  Pointar 

Return  Addraea  (Low  Bytel 

7 

Stack  Pointar -1 

■9 

Return  Address  (High  Bytel 

7  10 

BCLR.  BSET 

8 

Opcode  Addraea 

Opcode  (Page  Ssiset  Bytel  (Il8) 

Opcode  Address  + 1 

Opcode  (Second  Bytel 

Opcode  Addraea  *  2 

Index  Offset 

$FFFF 

irrsisvent  Dsta 

5 

IIYI-rOftaal 

Ongmsl  Operend  Oats 

< 

Opcode  Addraea  4^  3 

Meek  Byte 

7 

FFFFF 

irrsisvent  Data 

8 

IIYI 4  ORaet 

u 

Result  Operend  Date 

7  11 

BRCLR.  BRSET 

8 

■■ 

Opcode  Addraea 

m 

Opcode  (Page  Select  Bytel  1*181 

Opcode  Addraea  *  1 

Opcode  (Second  Bytel 

Opcode  Addraea  *2 

Irtdsx  Offset 

aFFFF 

Irralavent  Data 

• 

5 

IIYI  *  Offaat 

Original  Operand  Data 

6 

Opcode  Addraea  4- 3 

Meek  Byte 

7 

Opcode  Address  *  4 

Brartch  Offset 

8 

$FFFF 

■■ 

Irrelevant  Oats 

r«f«r«nc«  numbtr  is  gtvsn  to  prowdi  ■  cross-rtfscsncs  to  Tsbis  tO*  1 


’  SJM 


Tabfe  10-8.  Cycla-by-CycIa  Oparation— Ralativ  Moda 


Reference 

Number* 

Addreee  Mode 
end  inetrucitone 

CyclM 

CvciA 

* 

Addreee  Sue 

R/W 

Line 

Oete  Sue  j 

8-1 

BCC.  acs.  BCQ. 

3 

' 

Opcode  Addreee 

1 

Opcode 

BGE.  BGT.  BHI. 

2 

Opcode  Addreee  *■  1 

I 

Srench  Offset 

BHS.  BLE.  BLO. 

3 

$FFFF 

' 

irrelevant  Data 

BLS.  SLT.  BMI. 

8NE.  BBL.  BRA. 

BRN.  BVC.  BVS 

8-2 

BSR 

6 

1 

Opcode  Addreee 

’ 

Opcode  l«BOI 

2 

Opcode  Addreee  1 

1 

BreiKh  Offeel 

3 

eFFFF 

1 

Irrelevant  Oete 

4 

Subroutine  Addreee 

1 

Opcode  ol  Neel  InelrucKon 

5 

Sleek  Pomtet 

0 

Relum  Addreee  (Low  Byte) 

6 

Sleek  Poinier  - 1 

0 

Reium  Addreee  (High  Byte) 

*Th«  refe««nc«  number  rt  g<v«n  to  provide  e  croee-re^ererKeto  Tebte  10-1 


SECTION  11 

ELECTRICAL  SPECIFICATIONS 


11.1  MAXIMUM  RATINGS 


Rating 

Symbol 

Valua 

UnH 

Supply  Voltagd 

Vcc 

-0.3  to  »7.0 

V 

Input  Voltag* 

Vin 

-0.3  to  +7.0 

V 

Oparaling  TamparMur*  Rang* 

Ta 

-40  to  86 

"C 

Sloraga  Tamparatura  Ranga 

T«tg 

-56  to  ISO 

«c 

Thi*  davic*  contiint  proMctiv*  orcuinv 
igiirnt  dwnag*  du*  to  high  Made 
vottagi*  or  ■loetricil  fiotdi:  hooMvor,  it  ■ 
advioad  thot  nomwl  procoudom  bo  tiMn 
to  avoid  adodeadon  o<  any  voMagaa 
highat  than  maximuni-ralod  voitagaa  to 
this  high-mpadanca  citcuil.  RaMiiity  c4 
ogaradoo  ia  anhanead  d  imiaad  inpula 
m  dad  to  an  apptoptiata  logic  veltaga 
laval  la.g..  aithar  GNO  or  Vccl- 


11.2  THERMAL  CHARACTERISTICS 


Cbaractortetle 

Symbol 

ValiM 

umt 

Tharmal  Raaiatanea 

«JA 

«c/w 

Plaade  S2-Pin  Quad  Radi 

so 

Plaadc  48-Plri  DIP 

TBD 

11.3  POWER  CONSIDERATIONS 

The  averagfl  chip-junction  temperature,  Tj,  in  °C  can  be  obtained  from: 

Tj  =  TA  +  (PD*fljAl 
Where: 

Ta*  Ambient  Temperature,  °C 

0jAa  Package  Thermal  Reaietance,  Junction-to-Ambient,  °C/W 
PD-P|NT  +  P|/0 

Pint  ■  ICC  watta  —  Chip  Internal  Power 

P|/gai  Power  Dieeipation  on  Input  and  Output  Pins  —  User  Determined 
For  most  applications  P|/0<  P|NT  and  can  be  neglected. 

An  approximate  relationship  between  Pq  and  Tj  (if  P|/o  is  neglected)  is: 

PD*X  +  (Tj+273<^)  (2) 

Solving  equations-1  and  2  for  K  gives: 

K  =•  PD'iTA  +  273*0  +  0ja*Pd2  <3) 

Where  K  is  a  constant  pertaining  to  the  particular  part.  K  can  be  determined  from  equation  (3)  by  measuring 
PD  (at  equinbrium)  for  a  krwwn  Ta-  Using  this  value  of  K,  the  valuee  of  Pd  and  Tj  can  be  obtained  by  solv¬ 
ing  equations  111  and  (2)  iteratively  for  any  value  of  Ta. 


»00 


PtHS 

R1 

R2 

C 

PA0PA7 

P80P87 

pcopc; 

POO.  ras 

3  26  kO 

2  38  kQ 

90  (F 

roi  wM 

3  2Btfl 

2  38  kQ 

200  pF 

lia 

Figure  11-1.  Equivatont  Taat  Load 


11.4  DC  ELECTRICAL  CHARACTERISTICS  (Vod  =  5.0  Vdc±10%,  VSS=0  Vdc,  Ta=  -40  to  86'>C, 
unless  otherwise  noted) 


Chanctartatlei 

Symbc.* 

Min 

Max 

Untt 

Output  VottSQt 

AOOutputa 

VOL 

0.1 

'Low) ’ 1 10.0  hA  (Sm  Not*  1 1 

AM  Outputs  Excspt  RESET 

VOH 

VdO-0.' 

- 

■Ml 

Output  High  Vcttagi 

AM  Outputa  Excapt  RESET  and  EXTAL 

VOH 

Vdo-0.« 

- 

^E^MI 

•tosd*  ®  Vqo*4,5  V  (Set  Not#  li 

^^■Mi 

919 

Output  Low  Vottag* 

AM  Outputa  Excapt  XTAL 

VOL 

- 

MSM 

1.6  mA 

■M 

19^1 

Input  High  Vottagt 

ANmputs 

V|H 

0.7  X  Vdd 

Vdo 

V 

Input  Low  Vottaga 

AN  Inputs 

V|L 

vss 

V 

I/O  Porta.  3-Stata  I.Mhaga 

PA7.  PCO^PCT. 

•oz 

- 

tio 

Vin*V(3oorVit 

PD0-P06,  AS/STRA, 

H^^M 

ISMNotatl 

MODA/OR.  RBCT 

|^^9 

Input  Currsnt 

■31 

9S9 

Vin*VDOorVss 

PA0-PA2,  PE0-PE7,  iTO,  xiTO 

±1 

91^1 

vm-voo 

MODS 

■■ 

1^91 

TBD 

Total  Supply  Cunant  ISm  Nota  31 

HHI 

IH 

RUN:  Singla  Chip 

'DO 

ZD 

ExparuM  Multiplaxad 

TBD 

MM 

WAIT :  AM  Ponphsr#l  Functions  Shut  Down 

WiDO 

4 

STOP:  No  Oocka.  Singla-Chip  Moda 

SloD 

300 

WM 

input  Cspscitsnc# 

^in 

pF 

PA0-PA2.  PE0-PE7.  TTO.  2ITO.  EXTAL 

8 

PA7.  PCO-PC7.  PD0-PO6.  AS/STRA,  MODA/uR,  ?5e51T 

12 

Powsr  Dissipstwn 

Po 

110 

mW 

NOTES: 

t .  Vqh  iptifictiofi  fgr,r«Mt  «  not  oppficobl*  bocouw  it  « tn  OMn-4jr«rt  pin. 

2.  Sm  A/0  ipocifleation  for  iookogt  curront  for  port  E. 

3.  AM  ports  conUgursd  M  nputs,  V|^  s  0.2  V,  V|h  £  Vqq  -  0  2  V.  no  dc  losds.  EXTAL  is  drivon  by  tqusrs  w«v«.  C|, »  20  pF  on  EXTAL. 

«  SOO  ns. 


11.5  CONTROL  TIMING  (VoD  =  5.0  Vdc±10%,  Vss  =  0  Vdc,  Ta  = 


Characttrittic 


Ffac)uancv  of  Op«ratk>n 
Crystal  Operation 
External  Clock  Option 


Internal  Operating  Frequency 
Crystal  Option  IfxTAL 
Extarf>al  Clock  Option 


Crystal  Oscillator  Startup  Time  Isaa  Figure  11-2) 


rystal  OsciHator  Stop  Recovery  Starts  nme  (see  Figure  113) 


Wait  Recovery  Startup  Time  (sea  Figure  It *4) 


Prooaaaor  Control  Setup  Time  Before  Fading  Edge  of  E  (see  Figure  1 1-2) 


Raaei  Low  Tima  (Output) 


Raaat  Rise  Tima  from  Internal  Reaat  (sea  Figure  IIS  ar>d  Note  1) 


-40  to  -f85°C) 


Symbol 


Intamipt  Pufae  Width  Low.  IRQ  Edge* Triggered  Mode  (see  Figure  11*6) 


Tenar  Input  Capture  Ptilae  Width  (see  Figure  11-7) 


Pulaa  Accumulator  Input  Pulse  Wklfh  (see  Figure  11-7) 


1|LCM 


llVASH 


IPCS  'BO 


IRCCM  1  3 


llRR 


PWrsTL  I  2 


PW,RQ  125 


PWtim  t25 


PWjiM  I  ’25 


NOTES: 

1  This  is  the  maximum  time  that  external  compor>enta  should  delay  RESET  rising  so  that  intamal  COP  ar>d  dock  morwtor  interrupts  can  be 

recognised.  _ 

2  This  IS  the  minimum  tirrte  that  RUcf  must  be  held  tow  for  an  external  ^aet  if  not  preempted  by  an  interr^  raaat  (COP  or  dock  monitor)  To 
guarantee  an  extamai  reset  vector  wiH  be  ger>erated,  ftESfet  must  be  held  low  for  a  mmimum  of  6  E  cydes. 


immtmmmmmmMmmimmiMmm 


i  4064 
^  >tTt 

LT 

i_r 

u 

~Ln 

H  1 

LT 

V 

Figur6  11-2.  Pow«r-On  Reset  end  RESET  Timing  Diegrsm 


MSET  OR  iinMIurT 

R«pr«Mnts  th«  int«ma<  gating  of  tho  EXTAL  pin.  VECTOR  FETCH 

2.  Edga-— naitiv  pin  (IRQE  bit  =  II. 

3.  Lavol-Mnaftiv*  pin  (IRQE  brt  ==0). 

4.  *STQPOLY  *  ^0®*  tcvc  OLV  bit  =  1  Of  4  tcyc  ^  bit  =  0. 

5.  RESff  voctor  addrws  shown  for  timirtg  axsmplo. 

6.  XiR&  will  cause  STOP  rocovary  ragardlasa  of  X  bit  state. 

7.  No  vector  if  STOP  terminated  by  XIr6  and  no  interrupt  pertdirtg. 

r  sat 

Figure  11-3.  Stop  Rocovery  and  Powar-On  Raaat  Timing  Diagram 


rigura  ii-«.  internal  reset 


j — 


m 


Figiira  11-7.  Interrupt  Timing 


11.6  PERIPHERAL  PORT  TIMING  .QQ  =  5.0  V 1 10%) 


CharactGT  tfic* 

Symbol 

Min 

Man 

Unit 

Peripheral  Data  Setup  Time  (MPU  Pead.  Port  A  0,  and  Isae  Pigura  11-101 

<POSU 

200 

ns 

Peripheral  Data  Hold  Time  (MPU  Read.  Port  A.  3.  and  E)  (saa  Figure  11-10) 

IPDH 

200 

- 

ns 

Delay  Tima.  E  Negative  Traneition  to  Peripheral  a  Valid  IMPU  Write.  Ports  A  and  0) 

(see  Figure  11-9) 

'pwo 

- 

ISO 

ns 

Delay  Time.  Port  Data  Valid  to  E  Negative  Trans-  •  n  (MPU  Write,  Ports  8  and  C) 

(see  Figures  11-11.  1M3.  and  IMS) 

tpov 

0 

- 

ns 

Input  Data  Setup  Tima  (Port  C)  (aae  Figures  1i  )nd  11-13) 

'IS 

60 

- 

ns 

Input  Data  Hold  Tima  fPort  C)  (see  Figures  11-'  ind  11-13) 

IlH 

100 

ns 

Delay  Tima.  E  Nagativa  Transition  to  STRB  Ass*'  ed  (saa  Figuras  11-11.  11-14,  and  11-15) 

<OEB 

140 

200 

ns 

Dalay  Tima.  E  Nagativa  Transition  to  STR6  Neqaied  (saa  Figuraa  11-13  ai>d  11-15) 

<DEBN 

140 

200 

ns 

Satup  Ttma.  STRA  Asaartad  to  E  Nagativa  Transition  (saa  Nota  1  and  Figuraa  11-13, 

11-14,  and  IMS) 

<A£S 

m 

ns 

Dolay  Tim*.  STRA  Amnod  to  Pon  C  Omi  Out  \fal)d  (M  Figum  IM5I 

'PCD 

100 

ns 

Hold  r»rw.  STRA  Ndgmod  to  Pon  C  0«*  Iom  -igura  1MSI 

'PCH 

10 

- 

ns 

ThrM-St«M  Hold  rvno  In*  Figuro  1MSI 

tPCZ 

0 

ISO 

ns 

NOTES: 

V  If  rtitt  Mtup  tinw  it  mat.  STRB  win  tcknowKtdgt  in  tlM  ntiit  cydt.  If  it  it  not  mat.  tfw  rttpontt  may  taa  atllvail  ana  mora  cyda. 

2.  Pon  C  and  0  timing  it  valid  for  tctiva  dnva  CWOM  and  OWOM  Mt  not  tat  m  PIOC  and  SPCR  ragittatt  ratpactivalyl. 

3.  Ml  timirtg  it  tftown  with  raapaa  to  20%  Vqq  and  70%  VqO  unitat  othawwaa  notad. 


/ 


jCI 


MPUMOTE 


/ 


OAT*  OUT 


1 

<xxxxxxxxxmxxx)( 

OAU  VAUO 

Figure  11-9.  Port  Writ*  or  Timor  Output  Comport 


-MPUOEU 


OATAM* 


A  f 

)= - * - =« 

^(^ _ 

U-J 

1 

1 

n  *1 

FORTS  A.  C.  0 

_ ^ 

L  J 

DATA  VAUO 

k _ a 

K 

'FOSU - — ► 

■«— 'FOM—*^ 

-'POM 


DATA  *•  W"T  E 


y.  jc 


*Non-latehad  oparanon 


Figuro  11-10.  Port  Rood 


STM  (OUT) 


STRA  m 


17 


-'«s 


Figura  11-14.  Port  C  Output  Handahaka 


Rgura  11-16.  Port  C  Output  Handahaka  wMi  3-8tata  Enablad 
(STRA  Enablaa  Output  Buffar) 


)4a 


11.7  EXPANSION  BUS  TIMING  (Vdd  =  5.0  Vdc  ±  10%,  Vss  =  0  Vdc,  Ta  =  2500  ±  5®. 
unless  otherwise  noted)  (see  Figure  11-16) 
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11.8  SERIAL  PERIPHERAL  INTERFACE  (SPI)  TIMING  IVqD^S.O  Vdc±  10%, 
Vss  =0  Vdc,  Ta=  -40°C  to  8S°C}  (See  Figure  11-17) 
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11.9  A/0  CONVERTER  CHARACTERISTICS  (Vdo  =  50  Vdc±10%,  Vss=0  Vdc,  Ta= -40°C 
to  35°C.  fo£  1.0  MHz£Es2.1  MHz,  unless  otherwise  noted)  (see  Note  1) 
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Figura  11-19.  Typical  Raaat  CircuK 


SECTION  12 

MECHANICAL  DATA  AND  ORDERING  INFORMATION 


This  section  contains  the  pin  assignment  and  package  dimension  diagrams  for  the  MC68HC1 1 A8  as  waN  as 
information  to  be  used  as  a  guide  whan  ordering  the  MCU. 

12.1  PIN  ASSIGNMENTS 

The  MC6BHC11A8  is  availabla  in  both  a  4S-pin  plastic  duai-in-Hna  package  and  a  S2-laad  quad  pack.  The 
following  paragraphs  provide  pin  asaignmanta  for  both  package  versions. 

12.1.1  62-Laad  Quad  Package 
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12.3  ORDERING  INFORMATION 


The  following  information  is  required  when  ordering  a  custom  MCU.  The  information  may  be  transmitted 
to  Motorola  in  the  following  media: 

EPROM(s),  MCM2716  or  MCM2532 
MOOS,  disk  file 

To  initiate  a  ROM  pattern  for  the  MCU,  it  is  necessary  to  first  contact  your  local  field  service  office,  local 
sales  person,  or  your  local  Motorola  representative. 


12.3.1  EPROMs 

The  MCM2716  or  MCM2532  type  EPROMs,  programmed  with  the  customer  program  (positive  logic  sertse 
for  address  and  data),  may  be  submitted  for  pattern  generation.  The  EPROMs  must  be  clearly  marked  to 
indicate  which  EPROM  corresponds  to  which  address  space.  Figure  12-1  illustrates  the  markings  for  the 
four  MCM2716  EPROMs  required  to  emulate  the  MC68HC11A8  MCU.  All  unused  bytes  should  be  pro-' 
grammed  to  zeros. 

After  the  EPROM(s)  are  marked,  they  should  be  placed  in  conductive  1C  carriers  and  securely  packed.  Do 
not  use  styrofoam. 
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12.3.2  MDOS  Disk  Rie 


Figure  12-1.  EPROM  Marking  Example 


An  MDOS  disk,  programmed  with  the  customer  program  (positive  logic  sense  for  address  and  data),  may 
be  submitted  for  pattern  generation.  WHEN  USING  THE  MDOS  DISK,  INCLUDE  THE  ENTIRE 
MEMORY  IMAGE  OF  BOTH  DATA  AND  PROGRAM  SPACE.  ALL  UNUSED  BYTES.  INCLUDING 
THE  USER'S  SPACE.  MUST  BE  SET  TO  ZERO. 


12.3.3  Verification  Media 

All  original  pattern  media  (EPROMs  or  floppy  disk)  are  filed  for  contractual  purposes  and  are  not  returned. 
A  computer  listing  of  the  ROM  code  will  be  generated  and  returned  along  with  a  listing  verification  form. 
The  listing' should  be  thoroughly  checked  and  the  verification  form  completed,  signed,  and  returrred  to 
Motorola.  The  signed  verification  form  constitutes  the  contractual  agreement  for  creation  of  the  customer 
mask.  If  desired.  Motorola  will  program  blank  MCM2716  or  MCM2S32  EPROMs  (supplied  by  the 
customer)  from  the  data  file  used  to  create  the  custom  mask  to  aid  in  the  verification  process. 


12.3-4  ROM  Verification  Units 

Ten  MCUs  containing  the  customer's  ROM  pattern  will  be  sent  for  program  verification.  These  units  will 
have  been  made  using  the  custom  mask  but  are  for  the  purpose  of  ROM  verification  only.  For  expediency, 
they  are  usually  unmarked  and  tested  only  at  room  temperature  125 °C)  and  five  volts.  These  RVUs  are  in¬ 
cluded  in  the  mask  charge  and  are  not  production  parts.  These  RVUs  are  not  backed  nor  guaranteed  by 
Motorola  Quality  Assurance. 

12.3.5  Flexible  Disks 

The  disk  media  submitted  must  be  single-sided,  single  density,  8-inch,  MOOS  compatible  floppies.  The 
customer  must  clearly  label  the  disk  with  the  ROM  pattern  file  name  and  company  name.  The  floppies  are 
not  returned  by  Motorola,  as  they  are  used  for  archival  storage.  The  minimum  MOOS  system  files  as  wen  as 
the  absolute  binary  object  file  (filename.  LO  type  of  file)  from  the  MC68HC1 1 A8  cross  assembler  must  be  on 
the  disk.  An  object  file  made  from  the  memory  dump  using  the  ROLLOUT  command  is  also  admissable. 
Consider  submitting  a  source  listing  as  well  as;  filename,  .LX  (EXORciser  loadable  format).  This  file  wW,  of 
course,  be  kept  confidential  and  is  used  1 1  to  speed  up  the  process  in  house  if  any  problems  arise,  and  2)  to 
speed  up  our  customer  to  factory  interface  if  a  user  finds  any  software  errors  and  needs  assistance  quickly 
from  the  factory  representative. 

MOOS  is  Motorola's  Disk  Operating  System  available  on  development  systems  such  as  EXORciser, 
EXORset,  etc. 


12.3.6  Sample  Order  Form 
A  sample  order  form  is  provided  on  the  next  page. 
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Appendix  B  -  Max-Forth  manual 


HAX-FORTH 
RBFBRBMCB  MAHOAL  ADDBMDOM 


NEN  MICROS,  INC. 
1601  CHALK  HILL  RD. 
DALLAS,  TEXAS  75212 
T-214-339-2204 


THANK  YOU 


Thank  you  for  purchasing  Max-FORTH.  We  think  we  have  created  an 
excellent  product  and  we  hope  that  it  will  be  of  benefit  to  you. 
We  are  looking  forward  to  a  continuing  business  relationship. 

If  you  have  problems,  however,  we  want  to  hear  about  them. 
Please  refrain  from  cursing  at  us,  at  least  until  you've  had  a 
chance  to  talk  with  us  (after  that,  use  your  own  judgment!). 
Meaning  that,  we  want  to  support  your  development  effort  by 
providing  correct  and  sufficient  information  about  our  product. 
This  doesn't  mean  we  want  to  work  as  free  consultants,  but  it 
does  mean  you  can  call  us  if  you  need  to  be  pointed  in  the  right 
direction.  If  you  find  something  that  doesn't  work,  we  want  to 
hear  from  you--the  sooner  the  better. 

It  is  our  desire  to  add  a  great  deal  more  information  to  the 
user's  manual.  We  will  send  the  first  update  to  you  prepaid 
since  you  have  received  a  preliminary  manual,  thereafter,  revi¬ 
sions  are  free  for  the  cost  of  shipping.  We  realize  that  the 
manual  needs  more  68HC1 1  specifics  and  examples.  This  is,  again, 
why  you  are  encouraged  to  call  with  your  questions,  so  we  will 
know  what  information  is  really  important  in  the  manual  updates.:' 

There  is  a  registration  form  enclosed  with  the  manual.  Please 
use  it.  If  you  don't,  manual  updates  and  possible  application 
notes  are  likely  to  go  to  a  receiving  department  dock,  rather 
than  directly  to  you. 

Well  then,  thank  you,  good  luck  and  good  hunting  (and  may  the 
forth  be  with  you ) . 


COMPANY  INTRODUCTION  TO  NEW  MICROS,  INC. 
Product  Lines  and  Services 


Vie  at  New  Micros,  Inc.  see  ourselves  as  a  leader  in  high  level 
language  single  chip  computers  and  related  board  level  products. 
With  the  introduction  of  the  F68HC11,  we  became  the  only  supplier 
in  the  world  of  a  single  chip  computer  that  can  be  programmed  in 
high  level  language,  without  any  support  chips.  Additionally,  we 
manufacture  our  own  line  of  standard  board  level  computer 
products  and  also  design  and  manufacture  semi-custom  and  fully 
custom  computer  systems.  We  refer  here  to  standard  board  level 
products  as  boards  that  are  already  designed  and  tested  and 
carried  as  stock  items.  The  semi-custom  boards  generally  follow 
the  same  board  outline  and  form  factor  as  the  standard  line 
boards  and  are  usually  peripherals,  rather  than  processor  boards, 
that  mate  with  the  processor  boards  of  the  existing  lines.  Semi¬ 
custom  boards  are  designed  specifically  for  a  customers  needs  and 
may  or  may  not  be  added  to  the  standard  line  later.  Fully  custom: 
boards  are  those  that  are  designed  specifically  for  a  customers 
application.  Form  and  function  follow  the  customer's  needs. 
Custom  boards  are  not  added  to  the  standard  product  line. 

The  products  which  are  listed  on  our  price  sheet  fall  into  two 
categories:  those  which  are  standard  items  available  only  from 
New  Micros,  Inc.  and  those  that  are  generally  available  commodity 
items,  such  as  RAM's  and  Wall  Transformer  Power  Supplies,  etc.. 

The  standard  processor  board  items  fall  into  three  pricing 
stratum.  The  "full  up"  development  systems  are  priced  to  the 
market  average  for  single  board  computers.  This  positioning 
reflects  an  expectation  that  the  customer  will  only  desired  a  few 
systems  configured  that  way.  The  development  systems  have  all 
board  options  installed  and  are  shipped  with  manuals.  Case,  Power 
Supply  and  FORTH  Development  Rom.  Many  of  the  comparably  priced 
single  board  computers  have  less  features  or  options  and  are,  for 
the  most  part,  .only  boards  -  not  high  level  language  development 
systems  with  power  supplies,  etc.,  etc..  The  OEM  versions  have 
full  boar^  opt  ions ,  however,  they  are  supplied  without  other 
frills.  They  have  no  metal  case  or  wall  transformer  power  supply 
(although  onboard  rectification,  regulation  is  installed)  or 
development  rom  (if  applicable).  They  are  intended  for  the  cus¬ 
tomer  who  wants  a  full  featured  SBC  (with  RS-232,  Watchdog  Timer, 
etc.)  without  the  added  expenses.  These  systems  will  probably  be 
embedded  in  a  larger  machine  or  system  manufactured  by  the 
customer,  which  is  why  we  call  the  configuration,  "OEM". 
Finally,  "The  Generic  Target  Computer""^^  or  "GTC"  versions  of 
our  processor  boards  have  the  minimum  configuration  of  board 
options.  The  GTC's  are  5  Volt  only  systems,  without  accessories 
such  as  connectors,  memory  selection  jumpers,  RS-232  or  RS- 
422/485  conversion,  etc.. 


The  purpose  of  the  GTC  is  to  give  the  most  features,  at  the 
lowest  possible  price,  of  any  stock  single  board  computer.  The 
GTC's  exceed  all  the  known  competitors  pricing  on  single  board 
computers.  All  of  the  mentioned  versions  are  made  on  the  same  PC 
board.  This  means  the  GTC  board  has  the  same  number  of  holes  as 
the  OEM  version,  and  any  or  all  of  the  additional  features  of  the 
OEM  boards  can  be  added  to  the  GTC  by  the  customer  or  by  special 
arrangement  with  NMI. 

Our  peripheral  boards,  which  we  believe  to  be  the  best  values 
around,  are  available  in  only  one  configuration.  Still  special 
arrangements  are  sometimes  made  on  a  per  case  basis  to  make  a 
reduced  cost  version  if  some  included  features  can  be  removed.  ] 

i 

As  mentioned  earlier,  there  are  also  a  number  of  generally  avail-| 
able  commodity  items  on  the  MMI  price  lists.  In  essence,  these 
items  ate  listed  only  as  a  service  to  the  customer  who  wants  to 
avoid  calling  all  around  to  find  parts  that  are  assured  to  work 
in  our  systems.  Please  understand,  we  may  not  always  be  competi¬ 
tive  on  these  items,  particularly  the  memory  products.  Our  feel¬ 
ings  will  certainly  not  be  hurt  if  you  find  a  better  price  else 
where.  We  don't  move  enough  of  these  items  to  make  it  possible, 
to  follow  the  latest  price  swings  in  the  market,  but  if  you  need 
them,  we  are  generally  able  to  supply. 

As  implied  by  the  fact  we  have  made  mention  of  the  custom  side  of 
our  business,  we  are  equiped  and  experienced  at  doing  customer 
promoted  design  work.  We  have  several  CAD  packages  for  PCB  and 
mechanical  designs.  Our  rates  are  competitive,  but  our  forte' 
lies  in  our  familiarity  with  FORTH  and  dedicated  applications. 
Working  in  this  area  is  not  only  a  source  of  income  to  us.  It  is 
also  the  way  we  stay  in  touch  with  the  market,  and  the  designer's 
needs.  Even  in  our  business,  we  recognize  that  no  single  board 
computer  is  ever  exactly  "right"  for  a  final  application.  We 
have  served  many  customers  applications  by  making  a  semi-custom 
peripheral  board  to  add  features  and  solve  interconnect  problems. 
Contact  us  if  we  can  be  of  service.  (214)  339-2204  for  Technical 
Assistance,  1- (800) -255-4664  for  NMI  Sales  outside  Texas,  Telex 
No.  9102500125  NEW  MICROS  DAL  UQ. 


Ccmpany  Name 


ORDER  FORM 


Engineer's  Name 


Buyer's  Mane 


Shipping  Mdress 


Billing  Mdress 


Ehgine«''s  nvne  No 


Buyer's  Rione  No 


Method  of  Paymait: 

0  Net  30  days  requires  you*  Rrchase  Order  No: 


o  Check  or  Money  Order  No: 


Amouit 


o  Mastercard  or  o  VISA  Exp 


Acocuot  No 


0  OD  (Add  $  1.95  CXX  fee) 


Quantity]  Part  No 


unit 


shipping  &  handling 
If  applicable,  add  COD  fee  ($1.95) 
TX  residents  add  i  tax 


Total 


1601  CHALK  HILL  RD 


SUITE  A 


DALLAS  .LXAS  75212  2i4  339-220^ 


PRICE  LIST  3/87 


Itan  No 


Description 


Price  IBS 


hMix-oon-aa» 

tMIX-OQLl-CIEM 

^^tD(-0^12-CIaP 

mix-a)i2-0Bi 

WUX-OOD 

^MIX-0021-aS 

tMIX-0022-aS 

tMix-am-oBi 

rMIX-0022-CB1 

^MIX-0023 

tMIT-0011-3 

Mirr-0012-3 

^M^^-002l 

^M^'-0022 

»MIX-4012 

wux-sooo 

R6S11/12; 
F6&CIUN  V3.3 
XDSaKZLiAlXN 
)C68K24 
ftec-EORIK 
V1.1 
V2.3 


PeSEll-Baaed  Single-Board  MicroaorpuDec:  w/CasB,PS,  De.'  KM 
R65Ell-QBaad  Single-Board  MicrocaTputer:  CEM  Qxifigured 
R65F12-Baaad  Sin^e-Board  Microcoiputar:  w,'C&aB,PS,  Dev  KM 
R65F12-BBsad  Single-Board  Micraccnputa::  CEM  Configured 
R65F11-Baaad  Single  Board  MiczoaarpjtEr  with  Euilt-In  EDC 
FSSKZIl-Basad  Single-Board  MicaxxnTputer 
F6adI-BBsad  Single-Board  Miaraaorputer  with  6iK24 
FSBHZU-Baflsd  Single-Boairi  Mierooarputer 
FGaKHl-Baaad  Single-Board  Micxoorpjca:  with  68KZ24 
FGOCU-Baaad  Single-Board  Miaroconputa::  spd  prioe^bonfig 
RGSU-Basad  C^neric  Target  Otnputer.'with  3  Soctets 
R6S12-Ba9ad  Qaneric  Target  OmpotecMith  3  Menxy  Stxduots 
F68lCLl-BaaBd  Qaeric  Target  Ctiiputa: 

F68Kni-Baaad  C^neric  Target  Qotputa:  with  68K24 
12-Bit  M3  Plus  Sigi  Board 
KHA  Board 

BThanoad  6502-Baaad  Single-Qup  with  Pgc-KKIH  internal: 
68HZ11  Single-Chip  Microntputa:  ^a(-FCRIH  V3.3  in  in^ 
6aCIL  Single-Chip  Miatxoatputer 
69C24  Port  IfeplaoatBnt  Ea±  for  uae  with  ESKdl's 
bew  Miorcs  Brcprietary  BOEOH  Softiifire 
bfix-fOOH  in  KM 
bfix-BCRTH  in  KM  with  flutostan: 


Cptiors  &  Acrcsgories: 


23GBL232-4 

CfSE. 

m9>. 

P5 

23ES 

CR 

#2  IKM 
«8  PKM 
#11  £RM 
#17  IKM 
#18  H04 
6264 
2816A 
48Z02 

CSi2DC/B_ 

CS1213C;^ 

RB-OOU 

IM+RX 


R5-232  (hble  fix  bMIX-0023 
fix  OEM  varsicns  of  F56F1VI2-Basad  S^'stems 
IrdiBtrial  Qsde  Etelosure  fix  ICSEII^-Baaeri  S^statE 
Power  apply  fix  CBt  vasions  of  H65ElV12-aHBd  S^stars 
{Ower  apply  fix  tMIX-<X}23 

D»elapnffit  KM  fix  RSEll/12-Based  systBis-IncI.  IM-PSC 

2K  AHtphb  Deoader  HCM  fix  B63ElV12-BMed  %6tBTE 

8K  address  Dacoder  ERM  fix  RQEW12-Based  S^^stans 

Address  Paaodg  PKM  foe  bMDC-OOD  Systan 

Address  DBooder  ERM  fix  bMIX-OOIi^  Systan 

Address  DBooda:  ERM  fix  bMix-OOU  ^stan 

8K  RIM  with  #8  ERM 

2CESRM 

2K  Battery  E#IM 

8K  Battary  RM 

32c  Battery  FPM 

Bare  Board  fix  bMlX-OOD  systan 
bex-BQBTH  Uaer's  banal 


PMfffNT  bGHD: 
aHIFDC  QftKZS: 


Px.qcral  check  (LB  erders) 

U.S. 

S3.X 

S5.X 

Canada 

$10.X 

Erepe 

S25.X 

Asia 

S30.X 

OidTier's  Check  x  Mone^'  Oder 
CPS  Qraxd 
2rd  Cey'  Air 
LB  ?dr‘*^il'lTS 
IE  Air  bbil 
j£  Air  bail 


250.00 

190.00 

290.00 

230.x 

340.x 

270.x 

290.x 

2X.X 

220.x 

199.x 

71.x 

91.x 

90.x 

UO.X 

210.x 

75.x 


37.25 

r,25 

2:!.X 

C-.l. 


15.00 

25.x 

25.x 

6.x 

6.x 

62.50 

8.x 

8.x 

8.x 

8.x 

8.x 

12.x 

X.X 

X.X 

X.X 

50.00 

38.x 

30.00 


(LE  Gjrrency') ,  x  ',TS?/bC. 


PRODUCT  MATRIX 
for 

NMI  PROCESSOR  BOARDS  3/87 


1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

T 

T 

T 

T  ! 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  i 

1  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  : 

1 

1 

1 

1 

1 

2 

2 

2  1 

2 

2 

1 

1  i 

2 

2  ! 

BOARD 

1  1 

2 

1 

2 

3 

1 

2 

1  ! 

1 

2 

3 

1 

2 

1 

2  ; 

1 

i 

1  ^  ' 

c 

0 

0 

c 

C 

0  i 

0 

3 

3 

1 

3 

1 

3  ! 

p 

p 

E 

E 

p 

P  1 

E  1 

E 

1 

s 

s 

M 

M 

s 

S  1 

M 

M 

1 

D 

D 

1 

! 

1 

i 

FEATURE 

R 

R  1 

i 

1 

1 

R65F11  PROCESSOR 

X 

V 

4  % 

X 

X 

1 

R65F12  PROCESSOR 

X 

X 

X 

i 

F68HC11  PROCESSOR 

X 

X 

X 

X 

X 

X 

X  ! 

MC68HC24  PRU 

X 

X 

X  1 

ADDRESS  SPACE 

16K 

16K 

16K 

16K 

16K 

64K 

64K 

64K 

64K 

64K 

16K 

16K 

64K. 

64KI 

POWER  tnA  typ  @  5V 

220 

220 

220 

220 

300 

20 

20 

20 

20 

20 

220 

220 

20 

20  1 

STD  XTAL  MMr 

2 

4 

2 

4 

2 

8 

8 

8 

8 

8 

2 

4 

8 

8  ! 

STD  BAUD  X  100 

12 

24 

12 

24 

12 

96 

96 

96 

96 

96 

12 

24 

96 

96  1 

STD  RAM  INST  KB 

2 

2 

2 

2 

2 

8 

8 

8 

8 

8 

0 

0 

0 

0  ! 

DEVELOPMENT  ROM 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X  ' 

STD  MANUALS 

2 

2 

0 

0 

1 

2 

2 

0 

0 

2 

0 

0 

0 

0  1 

ADDRESING  PROM  # 

2 

2 

2 

2 

11 

N/A 

N/A 

N/A 

N/A 

N/A 

2 

2 

N/A 

N/A' 

PARALLEL  PORTS 

2 

5 

2 

5 

2 

3 

5 

3 

5 

3 

2 

5 

5  ^ 

ASYNC  SERIAL 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I  1 

SYNC  SERIAL 

1 

1 

1 

1 

1 

1 

1  i 

A/D  8-CH  8-BIT 

X 

X 

X 

X 

X 

X 

X  : 

EEPROM  512  BYTES  ' 

X 

X 

X 

X 

X 

X 

X  i 

COUNTER/TIMERS  '  1 

2 

2 

2 

2 

2 

9* 

9* 

9* 

9* 

9* 

2 

2 

9* 

9* ; 

VJATCH  DOG  TIMER 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X  i 

RS-232  CONVERSION 

X 

X 

X 

X 

X 

X 

X 

X 

1 

RS-232  DB25  CONN. 

X 

X 

X 

X 

X 

X 

X 

i 

RESET  BUTTON 

X 

X 

X 

X 

X 

X 

X 

i 

1 

RS-422/485  CONV. 

X 

X 

X 

X 

X 

X 

1 

RECTIFER,  REGU. 

X 

X 

X 

X 

X 

X 

X 

1 

DC/DC  CONVERTOR 

X 

X 

X 

X 

X 

X 

X 

1 

SCREW  TERMINALS  1 

X 

X 

X 

X 

X 

X 

X 

! 

INSTALLED  JMPRS  ' 

X 

X 

X 

X 

X 

X 

X 

1 

VSC  BUSS  CONN.  ' 

X 

X 

X 

X 

X 

X 

' 

CASE,  POWER  SUP 

X 

X 

X 

X 

’ 

FLOPPY  CONTROLLER 

X 

[LIST  PRICE  lea  $ 

250 

290 

190 

230 

340 

270 

290 

200 

220 

199 

76 

91 

90 

110 

*  3  INPUT  CAPTURES,  5  OUTPUT  COMPARES  AND  1  PULSE  ACCUMULATOR 


The  P68HZ11  Single  Qiip  Oirputa: 

FSBCLlfM^.3 

^Bcifications 

The  PSacU  is  a  oo^iLetB  catpjtsr  on  a  chip  with  ooeratirn  system  arri  hi(^  level  larpuace 
developnmt  tmls  incloled  in  the  on-board  ^tex-roF!IH  Srtiyte  K3-1,  which  allow  it  to  oe  programi^ 
with  no  additional  support  diips.  In  minimm  ocnfigutaticn,  tha  P68KZ11,  with  a  sinpLe  bystsl 
circuit  (a  crystal,  a  resistor,  and  two  capacitors) ,  needs  only  5  V  power,  grotnd  and  TIL  serial- 
iiVsecial-out  onrections  to  opiate  interactivity. 


Etooesaor;  MJKKIA  eBHZU,  ErtHnoed  6800/6801 

Langisge;  NRX-KRIH,  231  vctds:  A  snarset  of  the  n3CH-83  Standard  including: 

*  The  83  Stzrrferd  Vtord  Set. 

*  The  83  Standard  DoiiiLe  Miibe:  E^ctsTsicn  Vbod  Set 

*  Ihe  83  Standard  Systen  Ektensions  Mted  Set 

*  All  the  83  Standard  Oaitrolled  %fkare  Vbcds 

*  Single-Chip  systen  EirtHTSicns 

ChuTter/riraecs:  Ebhanoad  16-bit  tiner  system:  Rwr  stage  ptogramehle  pjescader,  three  16-bit 

input  czctcre  r^isbars,  five  16-bit  out^-corpare  registers,  real  time 
inbempt  circuit. 

8-bit  pulse  acnirulator  (etent  oxnting  mode) .  dP  vabchdog  tinec.  Clock 
Ticnitor. 

Eerallel  ports;  Fiv^  -  one  port  of  6  indivnduallv  oonfigucafcle  lines. 

(sore  lines  nultihxxfticned  with  serial  use) . 

-  one  port  of  8  input  lines  (fiirtian  nuLtipiLaflad  with  A^  aiwerter) . 

-  one  pert  of  8  output  lines. 

-  one  port  of  8  cxzifiqurable  lines. 

-  one  port  with  1  ocnfigursble  line,  3  input  lines  and  4  output  lines. 

Serial  Charnel:  Orhartsd  tFZ  Serial  Gonmnications  Inter (SCI)  (IPiRr) .  Sarial  Peripheral 

Interface  (SPI)  (USWIT.  Charnel  is  8  or  9  bits  with  seLectable  baud  rates; 
75,  150,  3X,  6b0,  1^,  2400,  4800,  or  9600  baud,  (de^t:  9600  baud,  8 
data,  no  parity,  1  stop) 

A^  Chr^erter:  Ei^  8-bit  darnels,  32  dodc  cycle  cerrtersion  tine. 

Interrupts:  15  iresleble  intempts. 

2  non-RB^cable  intempts:  SNI  and  XIBQ. 

4  Txn-ne^eble  reset  t^  interrupts. 

mnxy  Bpensicn:  64  Myte  direct  addeesslrg. 

Supply;  50  nw  typical  at  8  ttiz,  nen  esmaidad  bus  node  5  iCC  10  ne  typical  (15  ne  nex) 

100  nw  typical  at  8  Miz,  ecpBrnsd  bus  mode  5  MU  20  ne  typical  (27  ne  nex) 

1.7iB  typocsl  (lOiB  nex)  in  STOP  node. 

Ihis  hi^  speed,  low  power,  OCG  ootputer-on-a-chip  is  pacteged  in  a  52  pin  EIOZ,  tieesuring  just 
0.75  inches  on  a  side.  Ihe  chip  hosts  five,  user  available,  8-bit  parand  ports  in  the  single 
chip  mode.  There  are  three  Wen  eagendad  to  have  a  6^  allress  and  data  bus.  The  asynchronous 
Serial  Cammications  Internee  (S^)  armrts  the  ^stem  tecnirBl.  The  saoond  serial  dennel, 
tie  syndeanouB  Serial  feritheral.  Interface  (SPI),  is  unoonnittHd  end  aveilzble  to  the  usa:. 
There  are  also  included:  a  tre  tiner  sibsysten,  a  uomAa:  ocerating  properly  (vatchdog)  circuit, 
a  fast  8^it  S-demel  A/D  ccrvertec,  and  to  1/7K  bytes  of  intemaT  E&Elul 


With  an  8  ^tE  crystal,  operating  in  single  chip  node,  toe  P68HC11  dtae  less  tden  ID  irA  (typ) . 
It  supports  a  Iowa;  Qgrent  veit  far  intempt  node,  and  a  stop  node  that  draws  1.7  uA  (typ) . 

The  built-in  hi^  l»d.  language  and  operating  ^stem,  based  on  the  FSOH  83  Standard^  gives  easy 
nechine  aocess  to  the  user  interactivity.  The  vxxabulary  contains  231  words,  /pplications  can 
be  very  cntpact.  Althou^  internal  8m  is  limited,  non  trivhal  aeplicatiens  can  be  programed  by 
defining  a  V3nl_in.8m  and  then  ncMed  to  BEHCM,  using  the  built-in  ESFRM  su-pnrt  runctiens. 
This  frees  the  wn  to  aocept  other  progratnung. 


All  the  vords  of  FDRIH  83  Standard  teouired  Vbrd  Set  are  included,  olus  all  of  the  standard's 


I 


I 


RgfergPE  VCrds  Set,  dIie  a  rxroa:  of  vccas  not  asaociatEd  witin  tiie  staraard,  vhich  are  cart  of 
tne  coEratirn  systHr.  Thev  oceraricr  m  a  siniLe  crup  corrutEr  ent’irorrrsr..  Tfcv  rxtvicB 
for  hfeaderieas  Iciraei:  Oatciling,  krjosrartirD  of  iset  applications  arc  Hicp.  Level  Iribsmijcs. 
Hx*®  are  provioed  for  dafinBo  miLti-taskirti. 

The  advartapB  of  usirn  tfie  PSadl  lieL  one  xaed  of  proToc*-  dB^ooteTt  are  CTEbcut.  if 

tre  F68HZir  is  tne  only  cnip  worlarg  n  a  oesicn,  intEr?cti\^  daxnging  of  tne  raniere  arc 
software  car  be  perfenroa.  _ 

V3.3  Words  Listing 


F88F  IMK 

EBE3  ( 

FE22  (3 

EDFrO? 

ehf  ! 

ETI2  C! 

EAQA  2@ 

E9F4  21 

EX4  : 

ETlA  : 

EDCB  -t- 

EDO)  - 

F7V9B  1-! 

EASD  i+! 

FA7D  +! 

EB87  * 

F87D  / 

FD43  X 

ED4E  »RP 

F®C  30^ 

F9ES  23'ftP 

ED®  CUP 

FSD4  ZIP 

.  J®  CVEF" 

ED27  lUr— 

F9D6  20r 

EA6F  PICy 

EA29  HCCL 

FA49  -KIL 

ED7F  ERP 

E^  2CRP 

ED76  >R- 

nSF  K> — 

EOS  =  - 

EC36  Mil— 

EC24  0= 

F966  DO* 

FDIB  0> 

FC12  (X 

ER9  IX 

EBE34  < 

FD76  UK 

F96EDC 

E9®  > 

EHE  > 

EDPiF  WO 

FCAl  CR 

EDe3  )OR 

EFff  IF 

EF43  THEN 

EF2)  EL®: 

BB23  BECIN 

EF15  CUTIL 

EF03  REPEAT 

ESBVHIIE 

EEED  AjAIN 

EF15  QCr— 

EES  DO - 

EIB2  nrp- 

EB61  -nanp 

K 

EACA  J 

EAD2  I  “ 

EAC2  Fe~ 

EBG  LEAVE 

FEB6  EXIT 

fses  key 

F8ED  EMIT 

FEES  TIERTOfiL 

EHX  S-X3 

EBSfflS 

E93E  CAR 

E®9  MITJ - 

ES3v  mw 

EB99  M« 

F918  owe 

E75F  SESdS 

EA19  DEPTH 

PffiACP 

pfflA  -repE 

PaEdUT- 

P686  -IRnLIlC 

EClC  1+ 

RD71  2+“ 

Fse  1-  — 

EC®  2- 

EC4C  V 

EC41  2* 

FSM  CM- 

ES7E  D- 

FS03^ 

ES39  /M) 

FS31  MD 

E£25  */KD 

EBIB  V 

EB35  O*"- 

E901  imm 

EAF6  MTSOE 

F952  DNEtAIE 

E802  cneiANr 

K7F2  \Wi37S£ 

E810  2D3ClANr 

E7EB  2URBDaE 

EAEA  EXEcnnr 

ED66  SP? - 

EVB5  eCWE? - 

ETCFarVE - ■ 

EEB6  ;S - 

ES46  dCE-aB 

ES3A  OTEr- 

ES2A  EMWTCE 

ESIC  IHR 

F596  .  - 

Fas  .R~ 

FS4  D.  - 

E58E  U.  - 

F59E  U.R 

E®ED.R 

P615  «S 

F623  # 

F604  SIOJ 

E5F4  #> 

E5EA  <# 

F586  ? 

P6ES  EXE^ 

E70E  QJEFSf 

F646  BL 

E554  SIME 

F551  CUWSJT 

E54ECENnxr 

F54B  3® 

E548  ajT- 

E506  DP - 

E53V  Or'tSt:!' 

E53FEID 

ESr  CEL 

E533  >IN 

F4EA  BfiSET- 

F4E5  SO 

F4EE  TB 

E539  fTIB 

E536  SEW 

EEffiCVL 

F1C8  FIRST 

FIDO  LPUT 

E563  EWr 

EF83  her: 

EF7B  ALTDr  , 

EF®*  ,  — 

EF63  C, 

F777  SPKE 

ECei  ZIP' 

EEF5  TIWS5E 

EF®  EAIESr 

BD65  COPILE 

H3D  [  — 

E32  ] 

F4S  HEX - 

F4D2  CECOTC 

E!D3A  ^XDE 

£32  <aJILIB 

ED22  DCXS> 

ER2  .” - 

£35  .(  — 

E78F  Fin: — 

E7S7  EPPEE 

F77F  EEA^K 

E®C  KID 

F224  VCFD 

F4®  dWTERT 

F405  MOOT 

ESDI  ETNI 

EAE3  ID. 

E0%  CPERTT* 

E7D3  lOOPIIE] 

EAAF  LTIEFRL 

iNnro^n' 

EAOO  IM>fDlKIE 

EB64  VJJBnW 

E9P6  EDRIH — 

E9EE  EDPICR — 

E®£  ASSETOTF 

ESDC  CETlMTitlE 

ESX  tmjRbh 

EEF  OffiRT 

EES3  <>RRK - 

EE31  >FEBLLVL — 

EET^  <RSX7E 

EB54  xA££ 

E3^  - - 

EBA9  [T - 

EC®  CES - 

E71  oar? 

EOF  CIA 

EEIO  tCA 

EDBB  I5APIR 

E738  UJCr 

EC28  'MO 

EEEf7  — > 

F186  IHKIE 

FieC  EM»IY-«EETPS  ETB2  SITE^-BIFEFS  FQB2  ETIH 

P09A  (ETTE) 

P090  .nrrE - 

— F06D  >L 

“F122  BnFEF 

FTEI2  sror- 

F394  EOT 

EEB2  H/C 

EEOO  rtCKT 

£IA  KJKEIPFT 

ES36  LNZr 

E943  PSGET 

FIED  DUT- 

F253  .S - 

FDB2  vmS 

EEED  IRITir 

EFCE  mix 

ED®  LIST 

ESEF  CtUT" 

EBEE  ABCRT' 

eges  otit 

ETBC  CUD 

EDI?  BRVQ4 

ED05  THTOtCT 

EAA7  ATW 

ED44  EEWaO 

E398  EBTO 

F3D0  EEC! - 

EfflF  EDRlH-83 

Ibe  F6acil  is  ideal  fior  anslicationB  v4%re  pxgram  dB^Oopment  tine  is  critical.  Its  low  pcua: 
CMS  naoze  is  ppr-fFTt  for'solar  and  battgy  power  applicaticns. 

Ibe  built-in  aisvetHns  and  vatrh  dog  tiner,  netes  it  t±e  natural  cboioe  for  real  tine  erteddsd 
anolicaticnB.  nmicatai  acpLicaticns  that  reguiie  strell  pf^ical  siae  and  interactive  field 
tsting  and  servicing  also  can  bmefit  £ran  it's  features. 


The  P60Kni  is  fbundrial  for  ^tew  Miarts,  Inc.  bv  Motorola,  Ino.,  Softiare  nmal  LM-^te  and 
^MIX-0023  asaariolad  and  tested  board  iBel  dBeldptent  s^stOT  available  fron  ffei;  Micros,  Inc.. 
The  P6aCll  with  intetral  ^ex-roRIH  and  nenuals  are  available  aclusivelv  fron  hfew  Micros,  Irr., 

>1— n.  tt.n  r\J I1%>  TC-in _ —  '  --1  im  — m  lonn^  -ifcg 


The  "100  Squared"TM 
F68HC11  Version 

NMIX-0023 

Specifications 

The  "100  SpLEraTTM  is  a  aitplete  simle  conxiter  with  operate  systan  and  hioh  le^  lan- 

fjaae  dejeToptent  tcols  inclidad  in  tfe  cn-board  .^fax-RKIH  8K-oytE  Rjl.  Ln  the  retail  onfiqira- 
ion  it  is  provided  with  8K  tMES  and  the  1^-5VRIH  IQl.  Rjr  crogran  daeloaiH'it  an  ODtioral 
serial  cable  (Ctfte  ^  233T2t2-4)  can  be  used  comart  to  an  85-232  termirHl  (or  better  host 
cotTputer  with  mass  scor;^  fior  aiiting  and  dounloadirn  of  source  code) .  Rjwer  nust  be  sullied 
fror  a  7  tD  IS  or  7  to  24  \CC  souroe  (Ctoder  #  23PS) ,  or  fron  an  arterral  regulatBd  5  tlT 
source.  U4-^fex  and  1>H0QKZ11  hfaniBls  are  included. 

Siae:  100  ran  by  100  ran  acti\«  uciporent  area.  100  ran  by  60  ran  prototypirp  area. 

Knopmor:  M3ICKIA  eSHni 


CPO:  Ehhanoed  6800/6801 

larnBoe:  hRX-KRIH.  231  vends:  A  SLCerset  of  the  P0R3H-83  Standard  induding: 

*  The  83  Starts  Wari  Set. 

*  The  83  Standard  Double  Njrber  OctEnsion  Vbod  Set 

*  The  83  Standard  ^stBn  Qctensiens  Wtxd  Sbt 

*  All  the  83  Standard  CbntrcUed  Itefiergoe  Vjbtxds 

*  Single^hip  ^stBn  Extensions 

Quibep/Eiraas:  Dthanced  16-bit  timer  systan:  Ebur  stage  prograntEhle  ptescaler,  three  16-bit 

irrut-captute  registers,  five  l&^it  outpxjt-oorpare  registers,  real  tme 
interrvpt  circuit. 

S-^oit  pulse  acciTulatDr  (eweit  ooiriting  mode) . 

CDP  vatrh:^  timer, 
dock  nenitor. 

EtealleL  poets:  Three  ports: 

-  one  poet  of  6  individmlly  configurable  lines 

(sore  lines  nultifizctiGned  with  serial  use) . 

>  ere  poet  of  8  uput  lines  (firction  nultiplegced  with  A/D  caTvenjer) . 

-  GTE  poet  with  1  configurable  line,  3  iqoifc  lines  and  4  output  lines. 

Sanal  Qands:  Ehhanoed  MS  Serial  Cbnnuiications  Interface  (SCI)  (1J\RD .  Sacial  Ebricheral 
Interface  (SPI)  (UaRT .  PS-232  chEn:ri  is  3  oc  ^  oits  witi  sdectabie  baud 
rates:  75,  ISO,  300,  &Xi,  1200,  2400,  4800,  or  9600  heuri  (default:  9600  bad, 
8  data,  co  parity,  1  stop)  brou^  to  4  .1"  pins,  cable  opuonal. 

M3  QzweetEc:  Ei^  8-bit  dan^,  32  clock  cycle  cerv^rsien  time. 

lobazipts:  15  mesteble  interrupts. 

2  nSn-RB^cable  intaszvpts:  3'Jl  and  XIPQ. 

4  norHTEEiQble  reset  interrupts. 

Msraoey  B^snsioir  64  fbyte  direct  addressing. 


Three  28-Pin  JETED  stailard  asdoets  for  28 
Accepts:  2764,  2864,  4464,  6264,  27128, 


devices. 


Rtpansienr  34-pdn  0.1"  dueC -in-line  pads  on  board:  All  data  lines  (8) ,  all  address 

lines  (16)  pvr,  gnd,  R/W,  t,  fS,  CE,  DTT,  PST,  hBCIS  (on  faoaad  menorv 
disable) ,  1  N.C..  Vferucle  Stkddrg  (Oanecter  optional. 


AdHnaaB  Decoder:  741*038  win  juipec  selectable  options  for  8  cr  32  devices. 

Sxxdy:  Rmbt  100  nw  typical 

Mbltage  toticnal  fell  'DransOcmer  (7  to  18  ViQDC)  cr  External  rfegulacad  5  iDC. 
encoard  rectification  (iMDS) 

Qhoatd  regvilation  (7805) 

Citxiand  for  negativa  P5-232  surply  (7660) 

Ozzant  20  ma  typical 


• 

Tne  "'IC  Squared"T»' 

FtsHT'i  version 

NMIX-0022 

Specifications 

The  "100  Squared"TM  is  a  ccnplete  single  board  ccnputer  with  operating  system  and  high  level  lar^ 
guage  developnent  tools  included  in  the  on-^x>ard  Max-^ORTH  SK-oyte  Rl?'..  In  the  retail  configura¬ 
tion  it  is  provided  ti  a  metal  case,  with  power  supply,  512  b\m«s  EEPROI,  5'  bytes  RAM,  and  tne 

F1ax-F0RTH  ROM,  ready  in  all  respects  to  connect  to  an  RS-232  terminal  for  untied iate  program 
developtneit  (or  better  yet,  nost  computer  with  mass  storage  and  aowiload  software).  OD^  versions 
of  the  systan  are  provided  at  reduced  cost  without  case  or  power  suRjly. 

SLzei 

100  rmt  by  100  mn  active  component  area.  100  nri  by  60  nm  prototyping  area. 

Prooeaaari 

MOTORCU  68HC11 

CPU: 

Enhanced  6800/6801 

Lansuage: 

MAX-FCETTH.  231  words:  A  superset  of  the  FOflH-SS  Standard  including: 

•  The  83  Standard  Word  Set. 

•  The  83  Standard  Coifcle  Fintier  Extension  Word  Set 

•  The  83  Standard  System  Extensions  Word  Set 

•  All  the  83  Standard  Controlled  Reference  Wbrds 

•  Single-Chip  Systan  Extensions 

Gaisiba‘/Tlnn: 

Enhanced  16-bit  timer  systen:  Foir  stage  programable  prescaler,  three  16-bit 
innub-capture  registers,  five  16-bit  outpub^otrpare  registers,  real  time 
interrupt  circuit.  1 

8-bit  pulse  accunulator  (event  counting  mode) .  . 

OOP  watchdog  timer.  >• 

Clock  monitor.  | 

• 

ftrallel  ports: 

Five  ports: 

-  one  port  of  6  individually  configurable  lines. 

(some  lines  multifinctioned  with  seri^  use). 

-  one  port  of  8  input  lines  (fluction  multiplexed  with  A/D  oonvwter) . 

-  one  port  of  8  output  lines. 

-  one  port  of  8  oonfimr^le  lines. 

-  one  port  with  1  oonfigur^le  line,  3  input  lines  and  ^  output  lines. 

Serial  Ctamel: 

Enhanced  NRZ  Serial  CcnTi?.mcations  Interface  (SCI)  (DART).  Serial  Peripheral 

Interface  (SPI)  (USART).  RS-232  channel  is  8  or  9  bits  with  selectable  baud 
rates:  75,  150,  300,  600,  1200,  2400,  4800,  or  9^  baud. 

(default:  9600  baud,  8  data,  no  parity,  1  stop) 

A/D  Ganverte*: 

Eight  8-bit  chamels,  32  clock  cycle  conversion  time. 

Interrupts: 

15  maskable  interrupts. 

2  rxxHnaskable  intern^:  SWI  and  }CIRQ. 

4  non-masioble  reset  type  interrupts. 

MBoary  Bqponlon: 

64  Kbyte  direct  addressing. 

Sockets: 

Three  28-Pin  JEEEC  standard  sockets  for  2&^n  HCM/RAM/EPRCM/EEraCM  devices. 

Accepts;  2764,  2864,  4464,  6264,  27128,  2^,  62256,  etc. 

Bcpanslan:  _ 

34-pin  0.1"  dual-in-line  connector;  All  da'<:a  lines  (8),  all  address  lines(l6) 
pwr,  gnd,  R/W,  E,  AS,  0£,  INT,  RST,  MEMDIS  (on  board  memory  disable),  1  N'.C. 

MUmm  VB0  • 

74HC138  with  Jvn^r  selectable  options  for  8  or  32  KDyte  devices. 

• 

SMppLy: 

Valtags 

Qrmit 

Case: 

100  nw  typical 

Sbcplied  vbll  TVansformer  (7  to  18  VAC/DC)  or  Octemal  Regulated  5  VDC. 

Onboard  rectification  (1/M08) 

Onboard  regulation  (7805) 

CrtDoard  D^DC  for  negative  RS-232  supply  (7660) 

20  ma  typical 

Aluninun  ribbed  extrusion  with  steel  back  panel,  all  anodized  black.  Front 

Panel  heavy  aluninun  plate.  Interior  cut  to  hold  Euro  format  160  x  100  tim 
cards.  Rack  mountable  in  19”  Euro  systan. 

Tne  SGuared"TM 

F63HC’‘  version 

NMIX-0021 

Specif ications 

The  "100  Squared"'IM  is  a  complete  single  board  ccrpjter  with  operating  system  and  high  level  lan¬ 
guage  development  tools  included  in  the  on-board  Max-FORTH  3(-byte  RCm.  In  the  retail  configura¬ 
tion  it  is  provided  Ln  a  metal  case,  with  power  supply,  512  bytes  EEPRCM,  &.  bytes  RAM,  and  the 
Max-FOTTH  RCK,  ready  in  all  respects  to  connect  to  ar  RS-232  terminal  for  innediate  program 
developnerit  (or  better  yet,  host  computer  with  mass  storage  and  dowiload  software'/.  OEM  versions 
of  the  systan  are  provided  at  reduced  oost  without  case  or  power  supply. 

awe;  100  tim  by  100  tnn  active  component  area.  100  nm  by  60  nm  prototyping  area. 

Ihuueajor;  MOTORCLA  68HC11 

CPU:  Ehhaneed  6800/6801 

LanBBge:  MAX-FORTH,  231  words:  A  superset  of  the  PCRTH-BS  Standard  including: 

*  The  83  Standard  Word  Set. 

*  The  83  Standard  Double  Mirber  Ebctension  Wbrd  Set 

*  The  83  Standard  System  Extensions  Word  Set 

*  All  the  83  Standarrl  Controlled  Reference  Words 

*  Single-Oup  System  Extensions 

Cbuiter/nsers:  Enhanced  16-bit  timer  systan;  Fou*  stage  prugraniiable  prescaler,  three  16-bit 

inpub-captire  registers,  five  I6^it  output-conpare  registers,  real  time 
interrupt  circuit. 

8-bit  pulse  accumulator  (event  couiting  mode). 

COP  watchdog  timer, 
dock  monitor. 


ftrallel  ports: 


Serial  Qomd.: 


Three  ports: 

-  one  port  of  6  individually  configurable  lines 

(seme  lines  multiAxictioned  with  serial  use). 

-  one  port  of  8  input  lines  (function  multiplexed  with  A/D  converter) . 

-  one  port  with  1  configurable  line,  3  input  lines  and  ^  output  lines. 

Enhanced  NRZ  Serial  Oonnunications  Interface  (SCI)  (UAFT).  Serial  Peripheral 
Interface  (SPI)  (USART).  IB-22  channel  is  8  or  9  bits  with  selectable  baud 
rates:  75,  150,  300,  600,  1200,  2400,  4800,  or  %00  baud. 

(default:  96^  baud,  8  data,  no  parity,  1  stop) 


A/D  Converter:  Eight  8-bit  channels,  2  clock  cycle  conversion  time. 


Interrmits:  15  masloble  interrupts. 

2  nornnaskable  intemjpts:  SWI  and  XIRQ. 
4  non-OBSkable  reset  type  interrupts. 


Henory  Expansion: 
Sockets: 

Bqanslon: 

Mtneaa  Decodep: 


64  Kbyte  direct  addressing. 


Three  28-Pln  JEIEC  standard  sodeets  for  28-^n  HCM/RAM/EPRCM/BEPRCM  devices. 
Accepts:  2764,  2864,  4464,  6264,  27128,  27256,  62256,  etc. 


34-ptn  0.1"  dual-in-line  connector:  All  data  lines  (8),  all  address  lines(l6) 
pw,  gnd,  R/W,  E,  AS,  OE,  INT,  RST,  MEMDIS  (on  board  manory  disable),  1  N.C. 


74HC138  with  Jupper  selectable  options  for  8  or  2  KByte  devices. 


aunfLy:  Ikwer  100  mw  typical 

VoltaBe  Supplied  (kll  TransTonaer  (7  to  18  VAC/DC)  or  Dttemal  Regulated  5  VDC. 
Onboard  rectification  (VM08) 

Onboard  regulation  (7805) 

Onboard  D^DC  for  negative  IB-22  supply  (7660) 

Qirent  20  me  typical 

Gase:  Alunlnun  ribbed  extrusion  with  steel  back  panel,  all  anodized  black.  Front 

Panel  heavy  aluninun  plate.  Interior  cut  to  hold  Euro  format  160  x  100  ntn 
cards.  Rack  mouitable  in  19"  Euro  systan. 


The  "Max-FORTH"^^' ,  FORTH-83  Standard  Language 
F68HC11  Internal  ROH  and  XC68HC1 1  External  ROM  Versions 

Specifications 

TV 

"Max-FORW  for  the  68HCn  is  a  ROM  based  operating  system  ^  language.  When  cxrrbined  with  a 
68HC71,  whether  in  internal  or  external  RCM,  "Max-FCRW^  creates  a  ccrplete  development 
environent.  Max-fORTH  programs  can  be  written,  tested  and  nr  under  its  control. 

Although  usual  development  configurations  would  include  external  RAM  and  mass  storage  (either  on 
the  68HC11  system  or  host  terminal),  short  programs  actually  can  be  developed  on  a  68HC11 

system  using  "^bx-F(]RW’^  with  no  extra  support  (beyond  HAL  circuit,  pull  140s,  power  and  serial 
I/O  corrections) . 

”Max-F(]RW^  produces  oompact  oode  that  is  suitable  for  RJUng  or  EZPRCMing.  Both  "Headed”  and 
"Target  Compiled"  oode  appxLications  can  be  cr'eated.  hhile  the  ocnpiled  progra?s  way  not  execute 
as  fast  as  well  written  assembly  language  programs,  they  do  ccmpere  favor^ly  with  the  results 
from  other  compiled  language.  Ihey  are  usually  more  ocnpact,  more  quickly  written,  and  more 
easily  tested  in  "ftex-FCRW^’s  interactive  progratming  environnent. 

"Max-FORIH'^  closely  follows  the  FORlH-83  Standard  in  order  to  be  oon^Htible  with  other  FORIH*-s, 
also  to  be  easily  supported,  learned  and  used.  In  addition  to  the  PCRIH-63  Required  Vbrd  Set, 
"Max-FORW™  also  contains  all  the  FORlH-83  Extension  Vfard  Sets,  all  the  Controlled  Reference 
Vtords  and  seme  of  the  LhoontroUed  Reference  Vbrds.  It  also  has  nany  single  chip  specific  exten¬ 
sions  and  operating  system  words  not  found  in  the  standard. 

"Max-FORW*'*"  is  available  in  several  versions: 

Version  1.0  is  stfjplied  in  an  external  RCM  for  use  on  systems  such  as  Motorola's  EVB  sys- 
tsn  or  the  New  Micros,  Inc.  ltfIX-0021  single  board  oenputer.  Ihis  version  does  not  have 
autostart  capability.  It  is  otherwise  "iVill  featured".  Oder  #  Max66HC11V1.0 

Version  2.0  is  also  supplied  in  extern^  RCM  for  use  on  the  same  type  systers.  This  ver¬ 
sion  will  autostart  a  user  prograa  at  any  1K  bomdry,  ex*  in  the  EERKM.  Ihis  version  is 
suitable  fer  volune  production  use,  izxier  license  agreonent.  The  license  agreenent 
requiranents  to  acquire  the  Version  2.0  ROM's  are,  therefore,  stricter  than  for  Version 
1.0.  Version  2.0  is  essentially  identical  to  Version  3«0  t^ch  is  sipplied  in  the  ^MI 
68HC11  MCU.  Order  «  Max68HC11V2.0 

Version  3*0  Is  sigjplied  in  the  internal  ROM  of  the  hMI  F66HC11  MCU.  Ihese  chips  are 
manufactired  by  Motorola  for  sale  by  New  Micros,  Inc.  Ihese  chips  will  autostart  a  user 
program  at  any  1K  botxxlry,  or  in  the  EEFROI  and  are  suitable  for  voliine  production  use, 
unda*  license  agreement.  Order  #  F6dKl1 

Version  4.0,  not  yet  released,  will  allow  the  user  to  target  oompile  to  ^  bytes  of 
progran  on  a  3K  byte  Max-FCXnH  kernel,  vbich  may  be  siimitted  to  Motorola  for  production 
as  an  internal  single  chip  RCM  oode  in  the  MC68HC11A8,  uxler  license  agi^eanent  for  the 
kernel  with  New  Micros,  Inc..  Chder  #  not  yet  assigned 

User  Ftenial,  Oder  #  UM-Max,  is  sultab..  for  use  with  Versions  1.0,  2.0  and  3.0 


1 


\-ICP.X  I, 


JZT  roF  ''Max-rcPT^''’^'  v.:  t/bt 

TV 

The  following  words  list  was  captured  f-cr  a  "Max-FORTH" *•  V:.C  syster..  To  conserve  PTT'  spaoe. 
only  the  character  ooixit  and  the  non-unoerlined  characters  actually  exist  in  tne  internal  RCJ-'., 
i.e.,  SPACES  and  SPACE!  are  not  differentiated.  l>'a.ess  VflDIH  is  set  to  3  (nurber  of  characters 
—  maximr,  is  31)  the  names  entered  will  be  nomral  length. 


WORDS 

ri93  TASK 

KIKO  ( 

pcao  « 

PCOO  ct 

rors  1 

roc6  Cl 

PAoc  at 

PSPS  ai 

C7Ci  1 

CTBR  1 

PKP  « 

PDCl  . 

r*sr  1*1 

PASO  l«l 

PAtl  *t 

PSOS  • 

rsat  / 

PORT  X 

fosa  SWAP 

Fsco  aosis 

r9tc  2SVAf 

POOP  OtfP 

fftfti  2»Uf 

P03P  OPCS 

roat  lOT 

PTCR  2BOT 

PAT3  PlCt 

PAaO  lOLt 

FRID  -ROLL 

POIS  MOP 

ptet  aooop 

POTA  >S 

roT3  ■> 

PCO«  • 

PCJR  SOT 

peas  0* 

rss*  oo« 

PCIP  0> 

pcii  •( 

POPS  u< 

rtci  < 

PTTR  ou< 

PtTa  oc 

psoa  D> 

rsKo  > 

P003  400 

P0A5  os 

POST  too 

cric  ir 

KPRP  TOM 

cpac  cts£ 

ipaa  tcojo 

tr 1R  URTt^ 

IPOS  RCP|£| 

ttPA  WOltl 

CCCC  AGAtO 

CriR  CRD 

CC9R  00 

CCOI  LOOP 

ccoe  •LOOP 

r«CA  1 

PRDC  J 

PAOA  t 

riftft  ft* 

CCR2  LCR]^ 

pcoo  cut 

PSPC  tCT 

PSPR  CNIT 

race  TTtSMlRAL 

PlOO  S.>D 

PtCO  AOS 

pssa  PASS 

rsRD  MU 

psac  OHts 

fftftft  MftI 

PSK  OMAl 

F7»J  »»Ct8 

PAID  MPTR 

pool  cs 

POOC  TTPX 

rt§»  eoutj 

f»*»  .ffttUlftC 

pcie  u 

ren  }* 

rc«R 

PC5P  a- 

reftft  »/ 

rcs5  a* 

.r9«l  ft* 

fflf  ft* 

r*ftT  ft*/ 

ft)»  /M>S 

ri59  MOO 

PUT  •/MOO 

rotp  •/ 

Fftjft 

rto9  UM/Moo 

PAPA  OCCATf 

m*  ftftiem 

coot  COOSTAtT 

tTf? 

tllo  leOlfTtftT 

tni  *n«u»Li 

fitt  tltcui 

rOOR  SRf 

rtOT  CMOTQ 

rtij  eiioji 

ftftft  IS 

cs««  coot-soo 

C83A  coot 

CStA  MO-COOl 

EOfC  VSIS 

nf7  . 

P9A»  .■ 

PSPS  0. 

f»»f  ft. 

nff  «.« 

P90P  O.R 

roTO  PS 

POOR  9 

r»o9  siOR 

fsr?  *> 

PSCO  <« 

rUT  T 

r«cc  sspicT 

ITftt  ftfttlj 

fftftT  fl 

fjftj  *T»U 

r?8»  CMftHiT 

f»*r  cofttHT 

r»«c  SCO 

P»SS  OLP 

rsoT  OP 

P900  OPPSIT 

rs*o  no 

f»J»  »fl 

rjj»  >1» 

f*fft  IftSt 

PSCO  00 

PSfP  TIO 

rut  »T|J 

ru7  Jftft 

M»«  e/i 

PICO  PXi£X 

fici  tlMJX 

ri*'  fftft 

trot  Rco| 

CPTA  ALLO£ 

cr«t  . 

tr«f  c. 

PTTO  OPA£t 

fftt*  Tftjf 

tor*  TftftftSftiiii 

Cffft  UTUt 

tcftft  CftWflLI 

IC9C  t 

ie»»  ) 

PRCC  ms 

f»es  fttemiL 

test  tcoo| 

KJI  Oftltftl 

ccai  ooc2j> 

toco  .* 

ccia  ,( 

fTftl  fin 

fTftI  tliSJ 

fTI]  ftUft| 

P900  «0L| 

ftt9  MPIf 

pose  cowTcsT 

fftftft  ftftWftlg 

coot  Plot 

not  It. 

coo*  ClfiTf 

cftct  UBwrmi 

CAAA  HTtSAL 

IT9t  IftTitfftIT 

Cffc  lositMTI 

*»♦•  fftSUlkUl 

COP*  POtTO 

Iftte  CftlTOl 

iff  tlfttUlLM 

«tfti  fttflftlTIOftl 

lift*  fttCftftH 

ttu  >MMR 

Cfll  <W«ftf 

CClft  >«MCL»t 

tin  fftiiotft 

cit*  iciu 

COia  ' 

*»•»  !•) 

fesf  tfi 

PCT9  >tOOX 

ctu  cPi 

flOP  OPS 

COCT  PPSPTS 

ITJI  LO^ 

tTtI  THIS 

croo  •*> 

fllT  ftffttTl 

ftftft  WfTT-tftfflftl 

fftti  s«vt*|«rf|ff 

fftftj  rims 

f ftftft  anu 

f»t»  .l-lftt 

fOftC  >l 

ftti  ftftrrti 

fftftj  »10£1 

r!*3  ft/ftat 

coot  M/C 

fCPP  IWOSO 

letft  tftumu 

•♦j*  ftftia 

e*Rf  pooo|y 

Ptco  OOMP 

p}9a  .0 

tcot  wotoy 

tPPC  TSIAO 

trcft  iftftu 

fo»»  uu 

tttr  ouji 

Cftfl  ftftftftT* 

cots  A POST 

PCCI  COL| 

POli  OSAOCIt 

PSAS  1T2S 

!••]  It»«M 

fni  ftwefi 

fjftf  net 

rtf]  roiT»-i] 

01 

ESRATA 


The  following  errata  has  been  noted  in  the  Max-FORTH  REFERENCE  MANUAL  Prelinina’7  Juie,  1986. 

Page  10,  last  paragraph.  The  Data  Stack  is  limited  to  1 6  and  the  Return  Stack  to  16 
words.  —  — 

Page  25  ,  26  and  27.  Replace  all  occurrences  of  ."  with  and  "  with  2  • 

Page  130.  A  word  has  been  added  to  the  language.  It  is  iQDH  .  See  supporting  sheets  for 
further  information  on  this  word. 

Page  158.  The  "head"  for  CSP  has  been  removed.  It  cai  not  be  found  in  the  dictionary. 

Page  172.  The  "head"  for  DLTTERAL  has  been  removed.  It  can  not  be  found  in  the 
dictionary. 

Page  18<1.  Three  words  have  been  added  to  the  language.  They  are  EEC!  ,  B9DVE  and  EBCRD 
.  See  supporting  sheets  for  further  information  on  these  words. 

Page  281.  The  "head"  for  UJTERAL  has  been  removed.  It  can  not  be  found  in  the 
dictionary.  Ranove  reference  in  oorpiler  section. 

Page  291 .  Three  words  have  been  added  to  the  language.  They  are  QC!  ,  SOVE  and  EBIORD 
.  See  supporting  sheets  for  further  infomation  on  these  words.  Add  reference  in  manory 
section. 

Page  292.  A  word  has  been  added  to  the  language.  It  is  Am  .  See  supporting  sheets  for 
further  information  on  this  word.  Add  reference  in  operating  systan  section. 

Page  292.  The  "head"  for  CSP  has  been  renewed .  It  can  not  be  found  in  the  dictionary. 
Ranove  reference  in  security  section. 

Page  302.  The  order  of  UP  ,  W  and  ff  have  been  changed  to  reduce  the  pain  of  accidentally 
trying  to  clear  sane  manory  location  with  the  erroneous  entry  of  xxxx  0  !  .  Since  W  is 
the  least  critical  of  the  three  variables,  accidental  clearing  should  not  cause  systan 
crash.  W  is  now  at  $CXXX3,  P  at  $0002,  and  UP  at  $0004.  Information  associated  with  each 
label,  cCMMAe  ooiVect,  moves  wiu^  its  laoelT 

Page  302.  Change  KHZ  to  C/106  vhich  is  the  time  used  for  the  prograiming  of  each  EEPRO! 
location,  and  its  default  setting  to  20000. 

Page  303.  Qiange  default  setting  of  UFIBSr  to  $C7FC. 

Page  3O8.  The  EEPRCM  addresses  should  be  SBxxx  as  oppossed  to  $9xxx. 

Page  3')4.  Reset  routine  heavily  modified.  Function  maintained,  except  there  is  no  warm 
download  or  autostart. 

Page  3T5.  Download  value  for  W  and  P  removed  fhem  CNIDP  table. 

Page  3I6.  Qvnge  KHZ  to  C/10!€  vhich  is  the  time  used  for  the  progranrang  of  each  EEPRCM 
location,  and*  its  default  setting  to  20000. 

Page  303.  Change  default  setting  of  UFIRST  to  $D7FC. 


Hardware  Configuration 


RS-232  Terminal  Interconnection 


EVB  Parts  Placement  Diagram 


To  communicate  with  the  Max-FORTH  ROM,  use  the  RS-232  terminal 
near  the  power  connection,  labeled  as  HOST  and  replace  the  Buf¬ 
falo  ROM_with  the  Max-FORTH  ROM.  Connection  to  this  port  may 
require  a  null  modem  which  swaps  pins  2  and  3«  Pins  4  &  5  and 
pins  6  &  20  may  also  need  to  be  swapped  depending  on  the  par¬ 


ticular  terminal  used. 
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WORDS  LIST  FOP  Max-FORTH  Vi.C 


6/se 


The  following  words  list  was  captired  frcn  a  Max-FORTH  VI.O  system.  To  oonserve  ROM  space,  orLy 
the  character  oomt  and  the  non-underlined  characters  actually  exist  in  the  internal  PCM,  i.e., 
SPACES  and  SPAXfZ  are  not  differentiated.  Lhless  you  set  WIDIH  to  three  (nunber  of  cnaracters — 
maxifflun  is  31)  the  nanes  >ou  enter  will  be  normal  length. 


WORDS 

F893 

TASK 

EBEO 

( 

FE26 

FEOO 

Cfl 

FDF3 

1 

FDE6 

C! 

FAOE 

2§ 

F9F8 

2  ! 

ETC** 

: 

E7DA 

• 

FDCF 

FDC« 

— 

FA9F 

1-! 

FA90 

1  +  ! 

FA81 

! 

F88B 

• 

F881 

/ 

FD47 

>< 

FD52 

SWAP 

F9E0 

20VER 

F9EC 

2SWAP 

FD8F 

DUP 

F9D8 

2DUP 

FD3F 

OVER 

FD2B 

ROT 

F9CA 

2R0T 

FA73 

PICK 

FA2D 

ROLL 

FAMD 

-ROLL 

FD83 

DROP 

F9C8 

2DR0P 

FD7A 

>R 

FD73 

R> 

FC09 

z 

FC3A 

NOT 

FC28 

0  = 

F96A 

D0  = 

FC  IF 

0> 

FC1  6 

0< 

FBFD 

u< 

FBE8 

< 

F97A 

DU< 

F972 

D< 

F962 

D  = 

FBEO 

> 

FDB3 

AND 

FDA5 

OR 

FD97 

XOR 

EF**E 

IF 

EF42 

THEN 

EF2C 

ELSE 

EF22 

BEGIN 

EF1*« 

UNTIL 

EF02 

REPEAT 

EEFA 

WHILE 

EEEC 

AGAIN 

EF14 

END 

EE54 

DO 

EE81 

LOOP 

EE60 

■►LOOP 

FAE6 

K 

FADE 

J 

FAD6 

I 

FAD6 

R@ 

EEA2 

LEAVE 

FEBB 

EXIT 

F8FC 

KEY 

F8F4 

EMIT 

F8EC 

7TERMINAL 

FBD8 

S->D 

FBC9 

ABS 

F942 

DABS 

FBAD 

MIN 

F92E 

DM  IN 

FB9D 

MAX 

F91C 

DM  AX 

F763 

SPACES 

FA1D 

DEPTH 

F6DE 

CR 

F6BE 

TYPE 

F6B2 

COUNT 

F68A 

-TRAILING 

FC80 

1  ♦ 

FC75 

2* 

FC6A 

1- 

FC5F 

2- 

FC50 

2/ 

FC45 

2* 

F9A8 

D+ 

F982 

D- 

F907 

D2/ 

F83D 

/MOD 

F835 

MOD 

F829 

•  /MOD 

F81F 

*/ 

FE39 

UM* 

FB05 

UM/MOD 

FAFA 

NEGATE 

F956 

DNEGATE 

E802 

CONSTANT 

E7F2 

VARIABLE 

E810 

2CONSTANT 

E7E8 

2VARIABLE 

FAEE 

EXECUTE 

FD6A 

spe 

F7B9 

CMOVE> 

F7E3 

CMOVE 

FEBB 

;s 

E846 

CODE-SUB 

E83A 

CODE 

E82A 

END-CODE 

E81C 

USER 

F597 

• 

F5A9 

.  R 

F5B5 

D. 

F58F 

U. 

F59F 

U.  R 

F5BF 

D.R 

F616 

#S 

F624 

# 

F605 

SIGN 

F5F5 

#> 

F5EB 

<# 

F587 

0 

F6EC 

EXPECT 

E70E 

QUERY 

F647 

BL 

F555 

STATE 

F552 

CURRENT 

F54F 

CCNTEXT 

F54C 

SCR 

F549 

BLK 

F507 

DP 

F52B 

OFFSET 

F540 

FLD 

F53D 

DPL 

F534 

>IN 

F4FB 

BASE 

F4E6 

SO 

F4EF 

TIE 

F53A 

#TI^ 

F537 

SPAN 

F56C 

C/L 

F1C9 

FIR^ 

F1C1 

LIMIT 

F564 

PAD 

EF82 

HERE 

EF7A 

ALLOT 

EF6E 

f 

EF62 

c. 

F77B 

SPACE 

FD85 

?DUP 

EDF4 

TRAVERSE 

EF5A 

LATEST 

EC64 

COMPILE 

EC5C 

[ 

EC51 

] 

F4CC 

HEX 

F4C3 

DECIMAL 

EC39 

;CODE 

EC31 

<BUILDS 

EC21 

d;es> 

EBEO 

ft 

• 

EC12 

.  ( 

F793 

FILL 

F78B 

ERASE 

F783 

BLANK 

F5DD 

HOLD 

F225 

WORD 

F45C 

CONVERT 

F406 

NUMBER 

EBBE 

FIND 

EADE 

ID.“ 

E896 

CREATE 

EACE 

[COMPILE] 

EAAA 

LITERAL 

E75E 

INTERPRET 

E9FE 

IMMEDIATE 

E864 

VOCABULARY 

E9F4 

FORTH 
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E  Q  E  C 

EDITOR 

E9Et 

ASSEMBLER 

E?DA 

2  r  r  ’’  T  Q  c 

E9D2 

R  E  C  'J  ^  S  1 

EE3E 

>KARK 

EFg2 

<MARfC 

EE3C 

>  R  E  S  C  L  V  £ 

EE26 

<REC:_VE 

ESSU 

:  CASE 

EBAU 

! 

EBAU 

'  t  ' 

4.  J 

FC5F 

LFA 

FC'^5 

>BODY 

EE  1  E 

CFA 

EEOF 

UFA 

EDE7 

PFAPTr 

£7:8 

LOAD 

E728 

THRU 

EFB6 

FI  87 

UPDATE 

FI  6D 

EMPTY-BUFFER 

S  F0E3 

SAVE-BUFFERS 

FOE 

3  FLUSH 

F09E 

‘  (lime; 

F09  1 

.LIME 

F06C 

>L 

F123 

BUFFER 

FOD3 

BLOCK 

F393 

B/BUF 

EDB1 

H/C 

ECFF 

HWORD 

ECE9 

AUTOSTART 

E93« 

UNDO 

E9«  1 

FORGET 

F1ED 

DUMP 

F352 

.  s 

ECB1 

WORDS 

EFFC 

TRIAD 

EFCD 

INDEX 

F02A 

L I S 

E6EF 

QUIT 

EBF9 

ABORT" 

E6E5 

ABORT 

FEC  1 

COLD 

FD1B 

BRANCH 

FD09 

7BRANCH 

FAAB 

ATOU 

EDU3 

EEWORD 

F397 

EEMOVE 

F3BF 

EEC  ! 

F893 
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NAME 


ATO^J 


PRONUNCIATION 

VERSION 

STACK  NOTATION 

A  ARGUMENTS  IN 

#  ARGUMENTS  OUT 

RETURN  STACK 

DICTIONARY 

PAD 

INPUT 

OUTPUT 

CROUP 

ATTRIBUTE 

STANDARD 


”assembly-to-fourth" 
NMI  NMIDR 

(  -  n  ) 

0 

1 


Operating  System 


SHORT  DEFINITION:  Returns  address  of  subroutine  call  to  high 
level  word  as  indicated  in  D  register. 

LONG  DEFINITION:  Execution  returns  the  address  of  a  machine  code 
subroutine  which  can  be  used  as  the  object  of  a 
JSR  instruction  to  call  a  high  level  word  from  an 
assembly  language  routine,  such  as  dn  interrupt 
process^  The  processor  D  register  must  contain 

the  address  of  the  CFA  of  the  word  to  be  executed. 
The  processor  Y  register  must  point  to  free  RAM 
since  the  high  level  word  will  use  it  as  the  Data 
Stack  pointer.  Program  control  will  be  returned 
—  to  the  instruction  following  the  JLR  after  comple¬ 

tion  of  the  specified  high  level  word. 


NAME 


EENOVE 


PRONUNCIATION 

VERSION 

STACK  NOTATION 

//  ARGUMENTS  IN 

//  ARGUMENTS  OUT 

RETURN  STACK 

DICTIONARY 

PAD 

INPUT 

OUTPUT 

GROUP 

ATTRIBUTE 

STANDARD 


"e-e-move" 

NMI  NMIDR 
(  addr 1  addr2  u 
3 
0 


Memory 


{ 

\ 


SHORT  DEFINITION;  Moves  towards  high  memory  the  u  bytes  at  ad¬ 
dresses  addri  and  addr2.  addr2  should  be  in 
EEPROM. 

LONG  DEFINITION:  Move  the  u  bytes  at  addresses  addri  to  addr2. 

The  byte  at  addri  is  moved  first,  proceeding 
toward  high  memory.  If  u  is  zero,  nothing  is 
moved.  addr2  should  be  in  EEPROM.  EEC!  is  used 
to  accomplish  this  function.  See  EEC! 


NAME 


EEWORD 


PRONUNCIATION  :  "e-e-word" 


VERSION  :  NMI  NMIDR 

STACK  NOTATION  :  (  ) 

#  ARGUMENTS  IN  ;  0 

it  ARGUMENTS  OUT;  0 

RETURN  STACK  : 

DICTIONARY  ;  If  not  headerless,  the  complete  definition,  or 

if  headerless,  the  code  field  and  parameter  field, 
of  latest  definition  move  from  code  to  EEPROM 
dictionary . 

PAD  : 

INPUT  : 

OUTPUT  : 

GROUP  :  Memory 

ATTRIBUTE  ; 

STANDARD  ; 

SHORT  DEFINITION;  Moves  code  of  last  defined  word  from  the  codes 
memory  to  the  EEPROM  memory. 

LONG  DEFINITION:  Latest  defined  word's  complete  definition  if  not 
headerless,  or  the  code  section  if  headerless  is 
lifted  from  codes  dictionary,  relinked  and  placed 
in  the  EEPROM  dictionary.  Dictionary  pointers  are 
re-adjusted  accordingly. 


fi  A  y  E 


EEC! 


PRONUNCIATION 

VERSION 

STACK  NOTATION 

#  ARGUMENTS  IN 

if  ARGUMENTS  OUT 

RETURN  STACK 

DICTIONARY 

PAD 

INPUT 

OUTPUT 

GROUP 

ATTRIBUTE 

STANDARD 


"e-e-c-store" 
NMI  NMIDR 
(  16b  addr  -- 

2 
0 


Memory 


I 

V 

I 


SHORT  DEFINITION:  Stores  the  least  significant  byte  of  I6b  into 

addr  in  EEPROM. 

LONG  DEFINITION:  The  addr  in  EEPROM  is  erased,  then  least  sig¬ 
nificant  3  bits  of  16b  are  programmed  into  the 
byte  at  addr.  The  time  period  of  the  programming 
is  set  by  C/IOMS  and  Timer  Output  Capture  for 
both  the  erasure  and  programming  cycles. 


TDUF  T  THE  68HCr  flax-FCPW  h'EMORY  MAP 


A  first  step  in  preparing  to  use  a  dedicated  ccrputer  system  is  to  learn  the  system's  memory  mac. 
This  is  an  easy  tasK  with  the  use  of  tne  Max-FCRTH  DiMP  comiand.  hemember,  DUMP  displays  one  or 
more  lines  each  containing  16  merory  locations  (S  woras)  whidi  are  most  easily  read  \rtien  in  hex 
mode,  so  begin  by  entering  HOC  . 

Starting  in  low  manory,  examine  the  contents  of  the  first  three  words  (six  manory  locations— one 
byte  or  two  hex  digits  per  location  viiich  means  two  locations  per  word)  by  entering  0  6  DWff  . 
(This,  of  course,  displays  a  AjU  dump-line  of  16  memory  locations— 8  words,  $CXXX)-$0C)(F.  Leading 
zeros  at  each  location  are  not  displayed.)  Exanine  the  first  three  words  ($<XXX)-$OOC)6) ,  ignoring 
the  others  for  the  moment.  From  the  manual's  Appendix  C  (IMPORTANT:  see  errata  for  corrections), 
it  is  seen  thet  these  locations  contain  the  system  variables  of  Max-FORTH,  nanely: 

W  (Vbrd  pointer,  $0000-$0(X)1) ; 

P  (Instruction  Pointer,  $00CB-$0003) ;  and 
UP  (User  Pointer,  $OOO4-$0OC6). 

Any  two  bytes  of  manory  reserved  to  hold  only  the  address  of  a  particular  item  (word,  block, 
stack,  etc.)  is  refered  to  as  a  pointer.  Thus  W  and  IP  are  pointers  whose  contents  chaige  every 
time  forth  executes  a  new  definition.  Programmers  rarely  have  need  to  use  W  or  P  .  Advar^oed 
prograrmers  might  use  them  in  code  level  definitions  viien  making  nulti taskers,  etc..  UP  po^ts 
to  the  USER  area.  By  modifying  IP  to  point  to  another  area,  the  values  that  user  varial^es 
return  will  be  a  different  set.  This  again  is  useful  in  multitaskers.  Be  sure  that  the  new  LSEP 
area  is  initialized  with  its  set  of  values  before  changing  IP  to  point  to  it,  otherwise,  the  sys- 
tans  will  crash  and  it  will  be  difficult  to  recover. 

It  is  worth  mentioning  that  if  ywj  experience  a  systan  crash  from  v*iich  it  is  dif¬ 
ficult  to  recover  with  a  simple  reset,  a  <C7IRL>-<j  key  ocnbination  in  the  Serial 
Coimunications  Interface  input  register  will  force  a  oold  reset.  (<CTRl>^  is  the 
ASCII  "3ELL"  character,  $07  hex.)  By  entering  <CIRL>-G  and  hitting  reset  again,  you 
should  recover  fron  any  badly  modified  variable,  blown  dictionary  links,  crashed 
processor,  or  similar  problan.  A  bad  autostart,  however,  can  only  be  rectified  by 
removing  or  disabling  the  offending  manory  device. 

Notice  that  UP  points  to  the  current  USER  manory  area  starting  at  $0006.  To  exanine  this  area 
enter  6  74  EUf»  .  The  first  four  words  ($0006,  $0006,  lOOQA  and  $000C)  are  zero'ed  by  the  cold 
download.  They  represent  HUDK  ,  (lUK  ,  FKICRIIT  and  ISSA4E  vW.ch  are  user  variables  reserved 
for  nulti  tasking.  These  variables  are  not  used  by  the  Version  1.0  Max-FCRTH  implenentation. 

The  following  two  words  ($000E  and  $0010)  are  the  default  stack  values,  RO  and  SO,  assigned  by 
ABOKT  .  They  can  be  modified  to  point  into  RAM  if  larger  stack  areas  are  desired.  They  will  not 
be  put  into  -effect  until  ABORT  is  executed.  Normally,  the  stacks  should  stay  in  internal  RAM. 
TIB,  PAD,  and  the  dictionary  areas  can  be  moved  to  external  RAH  whidi  will  allow  room  for  23 
Return  Stack  words  and  39  Data  Stack  words. 

The  next  two  word  locations  ($0012  and  $001«),  KEY-CB-PTR  and  EKTr-CB-PTR,  point  bo  control 
blodcs  that  determine  how  the  built-in  I/O  routines  work.  Alternate  control  blocks  can  be  con¬ 
structed  to  handle  alternate  I/O  devices  without  modifying  the  I/O  routines.  Each  control  block 
is  six  bytes  long  and  contains  the  following: 

1)  a  two-byte  address  of  the  I/O  device  status  register  to  be  read. 


1 


2)  a  one-byte  mask  with  which  the  status  value  read  will  be  AMD'ed  to  screen  out  extraneous  bits, 
2'  a  one-byte  mask  with  which  the  AhD'ed  result  will  be  XOR'ed  to  obtain  a  zero  result  when  tne 
device  is  ready  for  transfer,  and 
4)  a  two-byte  address  of  the  I/O  device  data  register. 

These  pointers  (KEY-CB-PTR  and  EKIT-CB-PTR)  are  initialized  to  point  to  the  beginning  of  tne 
default  Serial  Comruiications  Interface  control  blocks.  The  pointer  can  be  modified  to  point  to 
control  blocks  that  handle  LCD  displays  and  keypad  controllers  or  alternate  serial  chips,  etc.  to 
redirect  systan  I/O. 

The  next  three  word  locations  (S0016,  $0018  and  $001A)  are  the  actual  machine  level  vectors  to 
the  I/O  subroutines  that  provide  the  ftnctions  mentioned  above.  If  a  control  block  solution  is 
not  sufficient,  you  may  write  your  own  machine  code  subroutine.  Its  address  is  installed  in  UKEY 
,  UEMIT  or  UTTHWINAL  as  appropriate. 

Following  is  the  pointer  (at  $0010)  bo  the  Terminal  Input  Buffer,  TIB,  and  normally  contains  an 
address  pointing  to  the  RAM  just  beyond  the  bottom  of  the  Return  Stack.  It  is  limited  by  UC/L 
($001E)  to  16  characters.  TIB  can  be  moved  to  external  RAM  and  made  large  by  modifying  these 
USER  variables. 

The  LEER  vari^le  «4uch  indicates  that  a  OCLD  reset  has  been  performed  is  called  CLD/VfW  ($0020). 
As  long  as  it  contains  a  $A55A  pattern  and  there  is  no  <CTRL>-R  in  the  SCI,  the  system  will  not 
do  a  cold  doMiload  of  systan  variables  at  every  reset. 

PAD  in  most  FORTH  systons  is  a  fixed  distawe  above  the  dictionary  pointer,  but  in  Max-FORIH  that 
would  be  in^xjssible  with  the  limited  internal  RAM,  so  PAD  is  restricted  to  be  at  a  "fixed” 
location,  v*uch  can  be  "moved"  by  changing  UPAD  ($()022).  Since  the  user  may  work  "above"  PAD 
with  tonporary  variables  and  the  systan  works  "beloi/’  PAD  when  doing  output  nuriber  conversions, 
ensure  that  PAD  has  RAM  on  both  sides  of  its  new  setting. 

BASE,  the  current  nunber  base,  is  kept  in  the  next  location  ($002U),  and  performs  as  per  most 
other  FOTTH’s. 

The  next  location  ($0026)  is  used  in  conjuiction  with  the  Timer  Output  C^jUre  5  in  EEPRO! 
prograiming  words  to  time  the  mnber  of  cycles  to  program  the  EEPRCM.  It  is  called  C/1CMS  for 
"Cycles  Per  10  Milllseoonds  delay".  You  dxuld  decrease  this  value  fhcm  the  default  decimal 
value  of  20000  if  your  systan  has  a  clock  slower  thai  2  ftiz. 

The  line  termination  character  can  be  dianged  fhcm  a  carriage  retim  to  any  other  character  by 
modification  of  the  next  location  ($0C28).  Similarly  the  back  space  character  can  be  changed 
fhom  a  back  space  tea  delete  by  modifying  the  following  location  ($002A). 

The  Dictionary- Pointer,  DP  ,  and  the  heads  dictionary  pointer  follow  ($0020  and  $002E).  The 
location  after  than  ($0030)  is  the  EZPRCM  dictionary  usage  pointer  that  is  added  to  a  word 
is  moved  into  BEFROM  with  EEHORD  .  The  flag  that  controls  headerless  oode  generation  follows 
($0032). 

Additional  standard  PORIH  USER  definitions  follow  ($003^  through  $0070).  Following  are  four  IBER 
variable  locations  ($0072,  $0074,  $0076  and  $0078)  which  are  reserved  for  mass  storage 
requlremoits.  Oily  the  first  location  ($0C72)  has  any  reference  in  the  internal  oode.  It  is 
used  to  set  the  base  address  of  the  RAMEEK  mass  storage  simulator.  To  use  RAMDSK,  whidi  is 
pointed  to  by  the  default  setting  of  UR/W  ($0056) ,  set  the  first  location  to  the  base  address  of 
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free  RAV  (ie:  C400  72  !  )  and  clear  tiie  buffers  fv<iich  are  at  default  locations  SDTFC  tcroug!- 
$£000  )  (ie:  BFIY-BLFFnB  ).  The  RAM  screens  can  then  be  listed,  loaded  and  saved,  etc.. 

Ihis  ends  the  USER  area  while  the  default  location  of  the  dictionary  begins  at  $0C7A.  Wien  a 
cold  reset  occurs,  TASC  is  moved  bo  the  beginning  of  the  dictionary.  New  entries  in  the  diction¬ 
ary  will  build  up  frcr  IftSK  ($0083  and  up). 

The  CBta  Stack  is  above  the  dictionary.  It  grows  down  as  more  entries  are  added  ($00C?  and 
down).  There  aren't  many  locations  between  the  dictionary  and  the  stack,  so  some  care  snould  be 
exercised.  Needless  to  say,  nxming  the  stack  into  the  dictionary  or  vice  versa  is  a  very  bad 
idea. 

The  dictionary  can  be  moved  after  a  oold  reset  singly  by  forgeting  task  and  storing  the  address 
of  the  new  dictionary  RAM  in  DP  (ie:  FORGET  TiaC  fO  COW  DP  !  ). 

The  area  iimediately  above  the  data  stack  ($00C8  down  fron  SOOCF)  is  used  by  the  system  nuneric 
output  routines.  The  usage  builds  down  from  just  below  PAD  till  the  minber  of  output  characters 
for  a  given  print  or  "dot  word"  is  reached.  (Note:  only  8  digit  nurbers  are  provided  for  in  the 
default  setting.)  (The  two  lowest  locations  are  used  as  "secret"  storage  places  for  the  settings 
of  HJC  ($00C8)  and  >IN  ($00CA)  after  an  error  message  is  generated  so  you  cai  look  up  the  lo^ 
tion  of  the  error  on  mass  storage  after  the  crash.  Better  get  them  before  you  print  any  nurib^ 
after  a  crash...  )  [ 

The  beginning  of  TIB  arxl  PAD  are  both  at  the  sane  location  ($0CD0),  the  idea  is  to  prevent  PAD 
from  being  used  in  internal  RAM  if  TIB  is  in  use.  Sixteen  bytes  are  reserved  for  TIB  ($0CD0 
through  $CX]0F). 

The  Retun  Stack  occupies  the  upper  end  of  internal  RAM  ($00E0  through  $(XF?) . 

The  next  location  of  interest  in  the  68HC11  map  is  the  first  location  that  an  autostart  pattern 
can  be  located  ($0400).  Versions  2.0  and  greater  do  autostart  pattern  searches  in  EEPRCM  and 
then  on  every  IK  boindary  starting  there  and  on. 

Since  reset  puts  the  register  block  of  the  68HC11  at  $1000  in  the  "middle  of  things",  the  Max- 
FORIH  operating  system  moves  them  to  $9000.  (Originally  it  was  intended  to  put  them  at  $B000, 
but  the  EVB  has  a  facial  write  latdi  from  $AOOO  to  $EF^  that  precluded  that.)  The  write  that 
moves  the  register  block  will  still  affect  external  memory  >Aien  the  move  is  performed,  so  always 
watch  out  for  location  $103D  v^ch  will  have  $09  stored  into  it  with  every  reset.  The  registers 
are  moved  into  $9(XX)-$903F.  See  the  appropriate  Motorola  docunentaticn  for  their  description. 
To  look  at  them,  ent^  9000  40  DUf*  . 

The  EEPRCM  is-the  next  naUral  ooarrenoe  in  the  nwxry  map  ($B600  throutfi  $B7FF).  The  first 
word  location  ($B600)  may  hold  the  autostart  pattern.  This  location  is  the  first  high  level 
autostart  location  checked  after  power  ip.  If  the  first  location  is  the  autostart  pattern,  the 
next  ($B6C2)  is  the  address  of  the  (TA  (code  field  address)  of  the  wortl  to  be  autostarted.  If 
intempts  are  not  used,  the  next  247  bytes  of  kiPhCM  are  massigned.  If  interrputs  are  to  be 
used,  the  particular  interrupt  enable  must  have  a  machine  code  progran  at  its  EEPRCM  target 
location.  Starting  at  location  $B7BF  and  thereafter  for  each  interrupt  vector  in  RCM,  three 
bytes  are  reserved.  They  will  normally  contain  a  junp  instruction  to  another  portion  of  manory 
which  performs  the  appropriate  interrupt  Axiction.  It  can  rettm  to  the  interrxpted  program  by 
doing  ai  RTI  at  its  ooipletlcn. 
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At  tile  very  end  of  EEPRCM,  a  word  location  ($H7FE)  is  checked  by  the  reset  routine  for  an  autos¬ 
tart  pattern  which  means  that  there  is  a  machine  code  instruction  in  the  previous  three  bytes 
($E7FB)  to  be  executed  at  power-up  before  the  write-once-only  registers  are  modified.  If  that 
autostart  pattern  is  foind,  the  system  junps  to  subroutine  t®  the  code  address.  It  will  normally 
oontain  a  jump  instruction  to  another  portion  of  memory  which  sets  the  OPTIONS  and  KIT  registers 
as  desired.  It  can  reenter  the  start  up  procedures  by  doing  an  RTS  at  its  oompletion.  To  look 
at  the  EZPRO!,  enter  BbOO  200  DM*  . 

(On  the  Motorola  E!VB,  the  area  frcm  $0000  to  $DFFF  is  RAM.  This  can  be  used  for  mass  storage 
buffers  and  screens,  or  program  space  or  for  TIB  and  PM)  etc.) 

The  Max^^OFTH  ROM  runs  from  SEOOO  through  $FFFF  and  oontains  the  heads  of  hbx-FCFTH,  followed  by 
non-nrtime  words,  followed  by  the  rtntime  kernel.  The  DUff  ooranand  can  be  used  bo  explore  any 
portion  of  the  RCM.  It  will  be  noted  that  the  heads  are  made  ip  mostly  of  ASCII  characters  and 
pointers.  The  non  runtime  codes  are  mostly  pointers.  The  runtime  codes  are  a  mix  of  pointers, 
machine  oode  and  miscellaieous  t^les  etc.. 
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DOWN  LOADING  SOURCE  CODE 


Development  with  the  Max-FORTH  system  will  normally  be  done  usin? 
a  host  computer.  (One  alternative  would  be  to  add  sufficient  FAf' 
and  use  the  internal  RAMDSK.  Another  alternative  would  be  hooi<- 
ing  up  mass  storage  to  the  system  and  writing  a  user  mass  storage 
handler  that  would  replace  RAMDSK  in  the  USER  variable  UR/W. 
Either  method  requires  you  to  live  with  the  limited  FORTH  line 
editors  available  or  to  write  your  own.) 

Source  text  can  be  edited  on  a  host  PC  with  a  familiar  editor. 
The  code  can  be  down  loaded  and  tested  a  portion  at  a  time  using 
a  communications  package.  This  can  be  continued  until  the 
program  is  complete.  PC's  are  usually  graced  with  printer,  etc., 
so  all  in  all,  using  a  PC  as  a  host  can  save  development  time. 

Any  editor  that  produces  an  ASCII  text  file  (ie:  non-document 
mode)  should  be  suitable.  Communications  packages  should  be  able 
to  handle  9600  baud  transfers  (or  you  have  to  run  the  XtAl 
slower)  and  should  have  file  send  and  capture  capabilities.  - 

The  file  send  program  should  have  a  wait-for-echo ' ed-character 
setting  and  a  wai t-at-end-of-line-for-return-character  .  The 
character  to  be  waited  for  at  the  end  of  line  should  be  a  LINE 
FEED,  ASCII  $0A  (  <CTRL>-J  ). 

In  Microstuff's  Crosstalk  these  settings  are  the  CWait  Echo  and 
LWait  CHaracter  ''J  .  With  those  settings,  a  smooth  down  load  c-f 
a  code  file  by  the  SEnd  command  should  be  possible. 

Be  sure  to  watch  the  down  load  as  it  occurs  to  spot  any  error 
messages  returned  from  the  Max-FORTH  system. 
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USIN'G  EXTERNAL  yEMORY 


The  internal  RAM  and  EEPROM  of  the  68HC11  is  limited.  Many  ap¬ 
plications  will  require  more  RAM  for  program  development.  Using 
a  Terminal  Incut  Buffer  longer  than  16  characters  is  also  desire- 
able. 

The  following  brief  listing  moves  the  internal  pointers  for  TIB  , 
PAD  and  the  dictionary  for  using  external  memory.  The  input  line 
is  also  extended  to  80  (decimal)  characters.  In  this  example, 
the  memory  is  located  at  $C000  as  in  the  case  of  the  Motorola 
EVB.  Other  addresses  for  RAM  can  be  accomodated  by  changing  the 
listed  $Cxxx  constants  accordingly. 


HEX 

coon  1C  ! 

(  TIB  MOVE  ) 

50  IE  ! 

(  C/L  CHANGE  ) 

C060  22  ! 

(  PAD  MOVE  ) 

FORGET  TASK 
COSO  DP  ! 

(  DICTIONARY  MOVE  ) 

Note  that  the  first  four  locations  at  $C000  are  left  unassigned 
so  that  an  autostart  pattern  can  be  placed  there  ($C000  is  a  1K 
boundary)  after  the  program  is  complete.  If  a  Battery  RAM  were 
used  in  that  socket,  the  program  would  be  saved  through  power 
down.  If  autostarting  is  not  done,  the  address  of  the  mai- 
routine  to  be  run  can  be  ElECUTE'ed  from  the  terminal,  or  it  can 
be  run  by  its  name  if  the  dictionary  pointers  are  intact.  To  be 
able  to  use  the  Battery  RAM  words'  heads,  the  USER  area  must  be 
battery  backed,  otherwise,  the  dictionary  pointers  must  be 
relinked.  If  the  program  is  ROM'ed  later,  it  should  allow  for  the 
locations  $C00U  through  $C080  to  become  "unwritable". 

The  USER  area  can  also  be  moved  to  give  more  room  in  the  data 
stack,  although,  it  is  not  normally  necessary  to  do  so. 


1 


AFTER  "ME  CRASH 


You  may  occasionally  experience  a  system  crasn,  frcn  ur.icn  it  is  difficult  to  recover.  A  srnple 
reset  may  give  you  a  Max-FCFTH  Vx.x  prompt  and  a  carriage  return  may  even  give  you  an  "OK”, 
however,  Max-FOFTH  doesn't  seem  to  ixiderstand  anything  typed  in  that  is  over  1  character  long. 
(A  "no  Max-FORTH  prcmpt"  condition  proOably  means  an  autostart  problem  or  harovore  failure.) 

This  is  usually  the  result  of  a  blown  dictionary  link.  If  the  linked  list  of  the  dictionary  is 
opened  (ie:  one  of  the  link  fields  is  erased,  written  over,  badly  manipulated,  etc.)  Max-FORTH 
will  accept  >our  input  and  then  go  or.  a  wild  goose  chase  looking  for  a  match  with  your  word  all 
over  monory  intil  it  finds  a  $0000  in  a  link  field  which  indicates  "end  of  dictionary"  (wiicn, 
coincidentally,  nay  never  be  found).  It  will  either  lock  up  or  echo  the  entry  with  a  question 
mark.  Ihis  can  be  sinulated  by  doing:  0  LAIEST  FFAPIR  LFA  !  .  You  might  want  to  wait  a  minute 
before  you  try  this,  however,  until  you  know  how  to  recover  ... 


Another  problan  can  happen  when  the  dictionary  pointer  gets  out  of  RAM  if,  for  instance,  you  did 
a  lO  EOQO  DP  !  (which  puts  the  dictionary  points  in  RCM).  Ihe  problan  is  that  the  outer  inter¬ 
preter  takes  your  input  line  in  TIB  and  parses  a  word  at  a  time  out  of  it.  It  noves  the  parsed 
word  to  HERE  which  is  an  exceptionally  bad  idea  if  DP  is  in  RCM.  ROM  is  finny  that  way,  no  mat¬ 
ter  what  you  write  to  it,  it  never  takes  it.  Of  course  Wien  the  dictionary  search  canparestthe 
dictionary  list  with  the  word  at  HERE,  result  has  nothing  to  do  with  the  characters  (and  ninber 
of  them)  of  the  word  you  typed  in.  It  prints  juik  and  a  question  mark.  .- 


A  similar  thing  can  happen  if  a  word  is  moved  to  EEPRCM  with  EEWQRD  and  then  forgotten. 
itiere  DP  ends  up? 


uuess 


Putting  a  bad  value  in  UP  can  be  interesting.  Changing  UEMIT  or  UKEY  to  acne  erroneous  values 
can  have  some  extremely  quiet  results,  too. 


If  any  of  the  above  conditions  occur,  the  only  way  to  recover  is  to  power  down  and  re-power  or  to 
force  a  oold  reset. 


A  <CTRL>-G  key  combination  in  the  Serial  Ccmiuiications  Interface  input  register 
will  foroe  a  oold  reset.  «CIRL>-G  is  the  ASCII  "BELL”  character,  $07  hex.)  Enter¬ 
ing  the  <CIRI>0  and  hitting  reset  again  should  recover  fhan  any  badly  modified 
variable,  blow  dictionary  links,  crashed  processor,  etc.  problens. 


A  bad  autostart,  however,  can  only  be  rectified  by  disabling  the  offending  monory  device.  If  the 
autostart  pattern  is  in  the  part's  EEPRCM,  it  may  be  erased  using  a  Motorola  EVM  for  recovery. 
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1.  AUTOSTARTING 


*■11  Max-FCRTH  versions  have  autostartinq  ca  pab  i  1  i  t  i  es  .  Even  Ver¬ 
sion  1.x,  advertised  to  the  contrary,  autostarts.  It  has  been 
modified,  however,  to  find  itself  before  looking  for  any  user 
programs.  (Version  1.x  was  created  so  the  product  could  be 
safely  distributed,  without  a  signed  license  agreement,  in  ROM's 
that  were  copyable.  By  reducing  the  autostart  capabilities,  the 
part  is  not  des'reable  for  mass  production.) 

The  autostart  capabilit'/  is  the  means  by  which  the  language  or 
the  designated  user  program  is  started  at  power-up  or  reset.  It 
makes  up  the  better  part  of  the  Max-FORTH's  operating  system. 
In  Version  2.x  and  greater  releases,  there  are  three  distinct  ac¬ 
tions  in  the  autostart  sequence. 

In  brief  summary,  the  first  autostart  attempt  allows  a  machine 
code  routine  to  alter  the  INIT,  OPTION  and  TMSK2  registers  im—. 
mediately  after  reset.  The  second  autostart  attempt  checks  the» 
beginning  of  EEPROM  and  then  all  IK  memory  map  boundaries  for  a' 
temporary  autostart  pattern.  The  third  autostart  attempt  checks, 
the  beginning  of  EEPRON  and  all  of  memory  map  IK  boundaries  for  a 
primary  autostart  pattern.  Each  will  be  discussed  in  detail. 

The  first  autostart  occurs  within  a  few  cycles  after  reset.  It 
looks  at  the  EEPROM  at  SB7FE  for  a  primary  autostart  pattern, 
SA55A.  If  that  pattern  is  found,  a  JSR  to  location  $B7FB  is 
executed.  At  that  location,  three  empty  bytes  allow  the  inser¬ 
tion  of  a  jump  instruction  which  passes  control  to  a  designated 
machine  code  routine.  The  routine  can  alter  the  INIT  (  REG  3-i3 
&  RAM  3-0  bits),  OPTIONS  (IRQE,  DLY,  CRl  &  CR0  bits)  and  TMSK2 
(PRl  &  PR0  bits)  registers  which  must  be  established  in  the  first 
64  clock  cycles  following  reset.  Since  they  can  only  be  written 
once  and  only  in  the  64  cycle  period,  any  settings  made  in  that 
routine  will  not  be  affected  by  later  system  initialization 
action.  Normally,  the  machine  code  routine  will  return  to  the 
system  initialization  and  autostart  functions  by  performing  an 
RTS.  When  the  rest  of  the  system  initialization  is  not  required, 
control  could  be  maintained  by  user  machine  code  programs. 

The  second~auto sta r t  attempt  checks  the  beginning  of  EEPROM, 
SB600,  and  then  searches  all  IK  memory  map  boundaries,  starting 
at  location  $0400  and  continuing  through  $FC00,  for  a  temporary 
autostart  pattern,  SA44A.  If  the  temporary  autostart  pattern  is 
found  at  a  given  location  SXX00,  the  next  word  location  following 
the  autostart  pattern,  SXX02,  is  taken  to  be  the  CFA  of  the  word 
to  be  run.  This  word  could  be  anywhere  in  the  memory  map,  al¬ 
though  this  program  will  typically  be  in  the  memory  device  posi¬ 
tioned  at  the  boundary.  The  autostarted  routine  can  either  be  a 
high  level  definition  or  a  code  definition.  The  unique  advantage 
of  this  autostart  attempt  and  the  temporary  autostart  pattern  is 
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code  produced  may  not  be  preemptabie  and  couid  cause  high-^eve^  interrupt  and 
multitasking  failures. 

The  SP  register  is  used  for  the  FCRTH  Return  Stack  Pointer.  No  values  can  be 
taken  from,  or  left  on,  the  machine  stack  by  the  end  of  tne  definition,  'i^hile 
a  value  can  be  temporarily  pushed  on  the  stack,  it  must  come  off  before  tne 
return  to  NEXT. 

The  A,  B,  D,  X  and  OC  registers  can  be  used  without  consequence. 

Since  the  address  of  NEXT  varies  from  version  to  version  and  revision  to 
revision,  COTE-SIB  is  again  used  in  the  next  example.  Using  a  COTE  definition 
would  require  providing  the  address  of  NEXT  for  ail  versions  and  revisions. 
If  a  new  revision  was  released  with  a  different  NEXT,  this  example  may  not 
work.  Using  CODE-SUB  in  defining  a  word  here,  assures  that  this  example  will 
be  able  to  return  control  to  FCRTH  easily  in  all  versions  and  revisions. 

The  example  below  reads  the  first  four  A/D  channels  and  places  them  on  the 
stack. 


COTE-SIB  READnVD-CH0-3 

CE  C,  9030  *  (  LDK  $9030  ) 

(  SET  ADCTL  PGR  HULT  REM3DCS,  STRT  CCNV  ) 
86  C,  If  C,  (  LDVA  «  10  ) 

A7  C,  00  ,  (  SIM  0,X  ,  $9030  ) 

(  WATT  WnL  OCF  SET  ) 

(  SPIN  )  IF  C,  00  C,  80  C,  PC  C,  (  BRCIB  0,B0,SPIN  ) 
4F  C,  (  CLRA  ) 

(  DATA,  OPD<  STACK,  STORE  DATA  ) 


E6 

c. 

01 

c. 

(  LDAB 

IrX  ) 

18 

C, 

09 

c. 

(  DEY  ) 

18 

C, 

09 

C, 

(  DEY  ) 

18 

c. 

ED 

C, 

00  C,  ( 

STD 

0,Y 

) 

E6 

C, 

02 

C, 

(  LDAB 

2,X  ) 

18 

C, 

09 

C, 

(  DEY  ) 

18 

C, 

09 

C, 

(  DEY  ) 

18 

C, 

ED 

c. 

00  C,  ( 

STD 

0,Y 

) 

E6 

C, 

03 

C, 

(  LDAB 

3,X  ) 

18 

C, 

09 

C, 

{  DEY  ) 

18 

c. 

09 

C, 

(  DEY  ) 

18 

C, 

ED 

C, 

00  C,  ( 

STD 

0,Y 

) 

E6 

C, 

04 

C, 

(  LDAB 

4,X  ) 

18 

C, 

09 

C, 

(  DEY  ) 

18 

C, 

09 

C, 

(  DEY  ) 

18 

c. 

ED 

C, 

00  C,  ( 

STD 

0,Y 

) 

39 

(  RTS 

) 

QKMXXE 


One  other  requirement  of  the  Assembler  Extension  Word  Set  is  the  ;CODE  word.  This  w: 
(in  conjuction  with  a  newly  defined  defining  word)  causes  later  defined  words  to  use  t 
machine  code  interpreter  following  the  ;CODE  .  As  an  example,  the  following  program  sf 
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nent  sinuiates  the  set  up  for  a  twD  enqine  monitor inq  proaram  that  uses  ihentioa^  -? 
for  both  ennine's  parameters.  A  variable  CHMWEL  is  used  to  control  a  new  t’/pe  \'ar:a 
created  by  the  defining  wo.rd  CHAhWEL-VARIABLE  . 


0  CQN51ANT  PGRT 
1  CONSTANT  STBD 

VARIABLE  CHA^MEL  (  VALUE  SHOULD  BE  0  OR  1  ) 

:  MARE-CmWIEL-VARIABLE  <BUILDB  0,0, 

;CODE 

PC  C,  '  CHAIWEL  e  ,  (  LDO  CHAMIEL  ) 

F3  C,  '  CBAMIEL  §  ,  (  ADDD  CBSNNEL  ) 

8P  C,  (  }CDX  ) 

EC  C,  0#  C,  (  LZX)  0,X  ) 

18  C,  09  C,  (  DEY  ) 

18  C,  09  C,  {  DEY  ) 

18  C,  ED  C,  (STD  0,Y  ) 

7E  ,  FE4E  ,  r  JMP  VERSION  1.0  NEXT  ) 

END-CODE  ( 

MAKE-CHAMIEL-VARIABLE  ENOINE-SUPPLY-TQfP  ( 

MAKE-CBAMCL-VARIABLE  EMGINE-RErURM-TBIP 
MAKE-CmMIBL-imRlABZJB  OCINE-SUFPy-PLON 
MAKE-CHANMEL-WJUABLE  EllGIME-RETdW-FiJOW 
MAKE-CHAMIEL-VARIABLE  ENGINE-RFW 

FGRT  CHAMIEL  !  (  NW  WORK  ON  PGRT  EKHIC  ) 

(  etc.  ...  ) 

STBD  CHAMIEL  !  (  NGN  WORK  GN  STBD  ENGINE  } 

(  etc.  ...  ) 
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1.  CODE  DEFINITIONS 


Aj. though  the  8K  versions  of  Max-FORTH  do  not  have  an  included  assembler,  code 
definitions  can  still  be  added.  Three  key  words,  CODE  ,  END-CODE  and  CODE-fTT? 
have  been  added  to  facilitate  this. 

CODE  is  a  defining  word  that  creates  a  head  for  the  name  string  that  follows 
it.  The  Code  Field  of  the  created  word  points  to  its  own  Parameter  Field. 
This  causes  control  to  transfer  to  the  code  in  the  Parameter  Field  v^en  the 
word  is  executed.  CODE  does  not  set  the  compilation  mode  but  does  leave 
security  values  on  the  stack  for  END-CODE  which  ends  the  code  definition. 

Usually,  in  systems  with  assemblers,  what  goes  between  the  CODE  <name>  and 
END-CODE  ,  is  assembly  mnemonics  and  their  parameters.  Although  there  is  an 
ASSD1BLER  vocabulary,  as  required  by  the  Assembler  Extension  Word  Set,  there 
was  not  enough  room  for  a  full  assembler,  so  the  vocabulary  is  empty.  In  or¬ 
der  to  enter  machine  code,  the  code  must  be  hand  assembled  and  placed  in  the 
dictionary  using  ,  and  C,  .  At  the  end  of  the  code  definition's  execution i 
control  must  be  transfered  back  to  the  Max-FORTH  system.  This  will  usually  be. 
done  by  a  JMP  NEOT  instruction.  Not  knowing  the  address  of  NE>rr  can  be  a  bigi 
drav*)ack  to  using  machine  code  definitions. 

For  that  very  reason,  the  defining  word,  CODE-SUB  ,  was  added  to  Max-FCRTH. 
It  allows  the  entry  of  a  machine  coded  subroutine  to  be  entered  as  a  FORTH 
definition.  Like  CODE  ,  CODE-SUB  creates  a  head  for  its  name  string,  and 
leaves  security  for  QID-COOE  .  CODE-SUB  ,  however,  puts  the  address  of  an  in¬ 
terpreter  in  the  new  definition's  Code  Field.  The  interpreter  will  JSR  to  the 
new  definition's  Parameter  Field  when  it  is  called,  and  will  JMP  NEXT  after 
the  called  routine  returns.  The  normal  way  to  finish  a  CODE-SUB  definition, 
is  by  compiling  an  RTS  and  using  the  standard  QE>-COOE  definition  termination. 
The  COOT-SUB  definition  can  either  be  executed  by  name  from  high  level  FCR-H 
or  called  from  a  machine  code  routine  by  JSR'ing  to  its  Parameter  Field. 

The  following  example  illustrates  the  creation  of  a  code  definition  that 
causes  the  processor  to  go  into  the  wait  mode.  It  takes  advantage  of  the  pre¬ 
viously  described  COOT-SUB  word. 

CODE -SUB  WAIT 

3E  (  WAIT  INSTRUCTION  ) 

39  (  RTS  ) 

END-CODE 

It  should  be  noted  that  certain  registers  have  significance  to  the  virtual 
FORTH  machine  and  require  special  treatment  in  code  definitions.  The  Y 
register  is  used  for  the  Ceta  Stack  fbinter.  It  should  be  left  alone  for  the 
most  part.  (Note:  the  Data  Stack  grows  down  in  memory.)  If  something  is  to 
be  removed  from  the  stack,  it  should  be  removed  and  then  the  Y  register  should 
be  incremented  twice  (ie:  LDD  0,Y  INY  INY) .  If  something  is  to  be  put  on  tne 
stack,  the  Y  register  should  FIRST  be  decremented  twice  and  then  the  value 
should  be  put  on  (ie:  DEY  DEY  STD  0,Y) .  If  this  order  is  not  observed,  the 
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that,  the  autostarted  definition 
can  terninate  normally  with  a  ; 
NEXT  for  code  definitions.  When 
a  temporary  autostart  word,  the 
the  tnird  autostart  attempt.  In 
of  a  temporary  autostart  word 
primary  autostart  search. 


need  not  be  an  endless  i.oop.  It 
for  high  level  words  or  a 
the  system  turns  controx  over  to 
IP  is  set  to  return  ccntrox  to 
this  manner,  normal  termination 
will  cause  initiation  of  the 


The  third  autostart  attempt  checks  the  beginning  of  EEPRON, 
and  then  searches  ail  IK  memory  map  boundaries,  starting 
at  location  $0400  and  continuing  through  $FC00,  for  a  primary 
autostart  pattern,  SA55A.  If  the  primary  autostart  pattern  is 
found  at  a  given  location  SXX00,  the  next  word  location  following 
the  autostart  pattern,  SXX02,  is  taken  to  be  the  CFA  of  the  word 
to  be  run.  This  word  could  be  anywhere  in  the  memory  map,  al¬ 
though  this  program  will  typically  be  in  the  memory  device  posi¬ 
tioned  at  the  boundary.  The  autostarted  routine  can  either  be  a 
high  level  definition  or  a  code  definition.  The  autostarted 
definition  will  normally  be  an  endless  loop.  If  it  terminates, 
with  a  ;  for  high  level  words  or  a  JMP  NEXT  for  code  definitions, 
the  system  again  returns  control  to  the  beginning  of  the  third 
autostart  attempt.  In  this  case,  the  same  word  will  be  found  and 
autostarted  again  and  again.  If  no  user  autostarts  are  found i  a 
primary  autostart  pattern  should  be  found  at  $E000,  the  beginning 
of  the  Max-FORTH  ROM.  If  by  some  circumstance  it  is  not  there, 
the  search  will  begin  again  at  the  third  step.  It  will  so  con¬ 
tinue  until  an  autostart  pattern  is  found. 


The  three  levels  of  autostart  system  give  a  great  deal  of 
flexibility  to  the  system  user.  With  no  interference,  the  Max- 
FORTH  operating  system  will  find  and  run  itself.  A  user  program 
can  intercept  the  primary  autostart  search  by  having  an  autostart 
pattern  at  a  memory  location  lower  than  that  of  the  Max-FORTH 's 
ROM.  A  specific  application  to  be  started  and  the  system  thereby 
dedicated  to  its  operation,  instead  of  the  running  the  Max-FORTH 
outer  interpreter.  A  user  may  simply  want  to  modify  the  normal 
start  up  procedure  without  taking  permanent  system  initialization 
responsibilities.  In  this  case,  the  temporary  autostart  optior 
allows  linking  of  additional  ROM's  and  command  vocabularies  into 
Max-FORTH  or  even  multitasking  without  interfering  with  the 
primary  auto^start  abilities.  The  temporary  autostart  option  is 
also  useful  to  modify  baud  rates,  etc.,  when  there  is  no  oppor¬ 
tunity  to  catch  the  primary  autostart  by  being  placed  in  "lower" 
memory  (ie:  primary  autostart  pattern  located  at  SB600  or  $0400). 
A  ROM  higher  in  the  memory  map  can  still  perform  its  function  and 
allow  the  primary  search  to  find  its  mark. 
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1.  USING  COMPILATION  ADDRESSES 


TTie  neaderless  code  feature  of  the  Max-FCPTH  j.anau^ge  is  not  available  in  Tiany 
other  versions  of  FORTH,  so  it  is  necessary  to  point  out  the  significance  of 
the  PFAFTR  and  how  it  can  affect  the  use  of  a  ward's  compilation  address  in  an 
application  program. 

Ttie  use  of  the  ftjraneter  Field  Mdress  is  common  place  in  Max-FCRTH  and  other 
FORTH'S  as  well.  Max-FORTH's  dictionary  structure  is  slightly  different  be¬ 
cause  of  its  PFAFTR  which  allows  headerless  code  generation  and  testing. 
Wbrds  such  as  '  do  not  return  a  PFA,  but  rather  a  PFAFTR.  The  word's  PFAPTR 
is  a  part  of  its  head.  It  serves  as  the  connection  between  a  word's  head 


: length  field  :  name  field  :  link  field  :  parameter-field-pointer  field  ; 


Word's  Head  Components 

t 

:  code  field  :  parameter  field  :  : 


Word's  Code  Components 

and  its  code,  lb  convert  a  PFAPTR  to  the  actual  PFA  of  a  word,  only  a  @  is 
required.  Some  care  must  be  used  in  a  compiled  program  to  be  sure  that  the 
address  of  the  PFAPTR  which  is  in  the  head  is  available  to  be  fetched.  If  the 
program  is  target  compiled  and  the  heads  discarded,  there  will  be  a  mysterious 
error  haunting  in  the  headerless  program. 

For  example: 

:  Dim 

'  NEW-KEY-RIM  §  (  note  0  changes  PFAPTR  to  FFA  )  UKEY  ! 


works  fine-  if  the  program  is  not  headerless,  or  if  the  heads  are  still  in 
memory.  But  if  the  program  is  headeriess,  and  the  program  is  in  ROM  and  the 
heads  go  away  vnitth  a  powerdown,  the  program  will  not  work  at  power  up. 

It  is  suggested  that  the  following  format  be  used  instead. 

:  DirPI 

[  '  KBf-KEy-RlN  e  1  LITERAL  UKEY  ! 

§ 

Note  in  this  situation  that  the  [  causes  the  '  and  §  to  be  executed  in  the  im¬ 
mediate  mode.  The  ]  returns  to  the  compile  mode  and  the  LITERAL  compiles  a 
literal  with  the  value  from  the  stack  left  by  the  [  ]  .  All  the  indirection 
involving  the  head  is  done  at  compilation  time,  rather  than  at  run  time. 
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i.  INTERRUPTS 


The  fiSHCll  has  many  separate  inf-errupt  vectors.  In  order  not  to 
compromise  their  user  avaixabi^ity  (since  the  PON*  inside  the  chip 
can  not  be  user  modifiable),  these  vectors  were  assigned  with  ad¬ 
dresses  outside  the  RO^ .  The  addresses  chosen  for  these  vectors 
to  point  at  were  the  high  locations  of  the  EEPROM  from  SE^xx  to 
$B7xx.  This  collection  of  3  byte  locations  will  typically  con¬ 
sist  of  a  jump  table.  At  each  location,  a  user  machine  coded 
jump  instruction  will  direct  the  interrupt  on  to  the  location  of 
its  own  machine  code  handler.  If  EEPROM  has  been  disabled,  ex¬ 
ternal  memory  can  provide  this  second  redirection. 

A  machine  code  handler  must  first  be  written  to  use  a  particular 
interrupt.  It  will  normally  end  with  an  RTI  to  return  to  the  in¬ 
terrupted  program.  The  JMP  op-code  and  the  address  of  the  code 
definition's  parameter  field  should  be  installed  in  the  jump 
table.  The  particular  interrupt  can  then  be  enabled. 

CODE  IRQRTN  (  HANDLE  EXT  PIN  IRQ’S  ) 

(...) 

(  ...  ) 

(  ...  ) 

3B  C,  (  RTI  ) 

END-CODE 

CODE-SUB  C LEAR -CC -MASKS 
86  C,  00  C,  (  LDAA  «  0  ) 

06  C,  (  TAP  ) 

39  C,  (  RTS  ) 

END-CODE 

:  ENABLE-IRQ'S 

7E  B7539  EEC!  (  JMP  OP-CODE  ) 

[  '  IRQRTN  §  X  FF  AND  ]  LITERAL  B7EA  EEC!  (  HI  BYTE  ) 

(  •  IRQRTN  e  FF  AND  ]  LITERAL  B7EB  EEC!  (  LO  BYTE  ) 
CLEAR-CC-MASKS 


In  this  example,  ENABLE-IRQ's  puts  the  JMP  op-code  in  the  address 
($B7E9)  pojnted  to  by  the  External  IRQ  Pin  Vector  ($FFF2).  It 
fetches  the  address  of  the  interrupt  routine  that  will  handle  the 
IRQ  Pin's  requests,  IRQRTN  and  puts  it  in  after  the  JMP  op-code. 
This  is  accomplished  one  byte  at  a  time.  Each  time,  the  compila¬ 
tion  mode  is  left.  The  interrupt  routine's  name  is  ticked.  This 
returns  its  PFAPTR.  The  PFAPTR  is  converted  to  a  PFA  by  the  §  . 
The  appropriate  high  byte  or  low  byte  of  the  result  is  masked 
out.  The  compilation  is  then  reentered.  The  value  on  the  stack 
is  compiled  as  a  literal  to  be  programmed  into  EEPRCM  at  run 
time.  A  routine  that  clears  the  condition  code  register  mask 
bits  is  then  called  ,  enabling  interrupts.  Be  aware  that  the 
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stop  mode  and  XIRC  t)its  are  also  effected  by  that  routine. 

High  level  interrupts  can  easily  be  handled  in  ^^ax-FORTH,  Low 
level  interrupt  handlers  that  call  high  level  interrupts  can  be 
written  with  only  3  lines  of  machine  code.  This  is  possible  be¬ 
cause  of  the  inclusion  of  a  subroutine  called  AT04  which  can 
start  a  high  level  word  from  machine  code. 

To  run  a  high  level  word,  all  that  is  necessary  is  to  first  load 
the  D  Register  with  the  Code  Field  Address  of  the  word  to  be  run, 
load  the  Y  Register  with  a  pointer  to  free  memory  area  that  can 
be  used  as  data  stack  and  to  then  jump  subroutine  to  AT04  .  This 
routine  catches  the  system  after  the  completion  of  the  so  called 
high  level  word  and  does  an  RTS  to  return  to  the  machine  code 
that  called  it.  The  high  level  word  will  probably  use  the  Data 
and  Return  Stacks,  but  since  ^lax-FORTH  has  been  written  to  be  to¬ 
tally  preemptable,  this  should  pose  no  problem.  The  SP  and 
registers  should  not  need  adjustment.  (In  many  instances,  the 
Register  would  not  need  to  be  modified  either.  Only  the  FIND 
routine  in  Max-FORTH  uses  the  Y  register  for  anything  except  a 
very  carefully  maintained  stack  pointer.  If  the  foreground 
program  is  not  using  FIND  or  in  other  words,  the  outer 
interpreter,  but  is  instead  a  dedicated  program  itself,  and  the 
user  has  not  entered  machine  coded  definitions  that  tamper  with 
Y's  purpose  as  a  data  stack  pointer,  no  concern  need  be  paid  to 
Y's  contents  during  interrupt.) 

There  is  a  built-in  constant  that  returns  the  address  of  th's 
special  subroutine.  To  aquire  this  address  simply  enter  AT04  . 

:  HI-LEVEL-IRORTN  f  HANDLE  EXT  PIN  IRO’S  ) 

(...) 

(  ...  ) 

(...) 


CODE  LO-LEVEL-IRQRTN  > 

CC  C,  '  HI-LEVEL-IRQRTN {  LDD  «  CFA-OF-HI-LEVEL-IRQRTN  ) 
BD  C,  AT04  ,  (  JSR  AT04  ) 

3B  C,  (  RTI  ) 

END-CODE 

CODE-SUB  CJ.EAR-CC -MASKS 
86  C,  0f  C,  (  LDAA  «  0  ) 

06  C,  (  TAP  ) 

39  C,  (  RTS  ) 

END-CODE 

:  ENABLE-IRQ'S 

7E  B7E9  EECl  (  JMP  OP-CODE  ) 

r  •  IRQRTN  9  X  FF  AND  ]  LITERAL  B7EA  EEC!  (  HI  BYTE  ) 

I  '  IRQRTN  a  FF  AND  ]  LITERAL  B7EB  EEC!  (  LO  BYTE  ) 
CLEAR-CC-MASKS 

;  2 
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1.  PROGRAMMING  THE  INPUT  /  OUTPUT  OF  THE  F68CH11 


of  the  F6PHC11  onboard  input/cutput  features  are  controlled  by  a  single 
register  block  of  ^4  locations.  Understanding  the  use  of  those  registers 
means  understanding  all  of  the  I/O  features  of  the  FfiRHCll. 

The  location  of  this  register  block  is  controlled  (you  might  h'lve  quessed)  by 
a  register.  Upon  reset,  this  register  establishes  the  register  block  at 
Sli300.  Although  the  Max-FORTH  operating  system  allows  modification ,  the 
register  set  will  normally  be  moved  by  the  operating  system  to  $B00i?  for  Rev  2 
parts  ($9000  for  Rev  0  and  Rev  1)  to  give  the  most  consistently  contiguous 
memory  map  possible.  (At  SB000,  the  registers  are  in  the  same  4K  block  of 
memory  already  partitioned  by  the  EEFRO!.)  nie  following  discussion  assumes 
the  register  set  is  at  SB000. 

Tine  number  of  register  may  seem  formidable.  It  will  be  easier  to  understand 
them  by  first  grouping  them  by  their  function.  There  are  five  major  groups: 
port,  timer,  serial  channel,  A/D  and  miscelaneous.  j 

The  68HC11  includes  a  40  I/O  pins  in  five  P-bit  ports.  All  of  these  pir^ 
serve  multiple  functions  depending  on  the  operating  mode  and  the  internal  coni- 
trol  registers.  These  registers  are  in  memory  from  SB000  to  SB00A. 

PORTA  $B000 
PIOC  SB002 
PORTC  SB003 
PORTS  $B004 
PORTC L  SB 00 5 
DDRC  SB007 
PORTD  $B008 
DDRD  SB009 
PORTE  SB00A 

The  first  register,  PORTA  at  $B000,  is  used  to  read  and  write  Port  A.  When 
Port  A  is  used  for  general  purpose  I/O  bits,  bits  0,  1  and  2  are  configured 
for  input-only  and  writes  to  these  bits  have  no  meaning  or  effect.  Bits  3,  4, 
5  and  6  of  Port  A  are  configured  for  output-only.  Reads  of  these  bits  return 
the  levels  sensed  at  the  inputs  to  the  pin  drivers.  Port  A  bit  7  (PA7)  can  be 
configured  as  a  general-purpose  I/O  using  the  DERA7  bit  in  the  PACTL  register. 
Port  A  may  jsIso  be  configured  as:  three  input  capture  functions  (ICl,  IC2, 
IC3) ,  four  output  compare  functions  (C3C2,  0C3,  C3C4,  0C5) ,  with  a  pulse  ac¬ 
cumulator  input  (PAl)  or  a  fifth  output  compare  functions  (CXTl).  Each  port  A 
bit  that  is  not  used  for  a  capture  or  compare  function  may  be  used  as  a 
general  purpose  input  or  output  line. 

B7  B6  B5  B4  B3  B2  B1  B0 
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The  second  vocation  at  is  reserved  and  has  nc  function  currentxy. 

Thie  Port  I/O  Control  register,  PIOC  at  location  S'Bi^kI2,  has  a  collection  of 
control  bits  dealing  largely  with  handshake  control.  With  the  exception  of 
bit  7,  which  is  read  only,  the  PIOC  is  a  read/write  register. 

Due  to  the  complexity  of  the  bits  in  the  PIOC  each  bit  will  be  described 
separately. 
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Bit  7  STAF  Strobe  A  Interrupt  Status  Flag.  This  bit  is  set  v*ien  a  selected 
edge  of  strobe  A  occurs.  Clearing  it  depervds  on  the  state  of  HNDS  and 
OIN  bits.  STAF  is  cleared  by  reset. 


BOS 


0 

1 

1 


OIN 

X 

0 

1 


Clearing  Necbanian 


Reading  PIOC  (with  STAF  Set)  Followed  by  a  Read  of  PORTCL 

Reading  PIOC  (with  STAF  Set)  Followed  by  a  Read  of  PORTCL 

Reading  PIOC  (with  STAF  Set)  Fbllowed  by  a  Write  to  PORTCL 


Bit  6  STM  Strobe  A  Interrupt  Ebable  Mask.  When  this  bit  is  set  and  the  I 
bit  in  the  condition  code  register  is  clear,  STAF  (when  set)  will 
request  an  interrupt.  STAI  is  cleared  by  reset. 

Bit  5  CW<W  Port  C  Wire-OR  Mode.  When  clear,  port  C  operates  normally.  When 
set,  port  C  behaves  as  open-drain  outputs.  CWCM  is  cleared  by  reset. 

Bit  4  INE  Handshake  Mode.  When  clear,  strobe  A  acts  as  a  simple  input  strobe 
to  latch  data  into  PORTCL,  and  strobe  B  acts  as  a  simple  output  strobe 
v^ich  pulses  after  a  write  to  port  B.  When  set,  a  handshake  protocol 
involving  port  C,  STRA  and  STRB  is  selected  (see  the  definition  of  the 
OIN  bit) . 

Bit  3  OIN  Output  or  Input  Handshaking.  This  bit  has  no  meaning  vhen  HNDSs0. 
Otherwise,  when  OIN  is  clear,  input  handshake  mode  is  selected.  When 
OIN  is_Mt,  output  handshake  mode  is  selected.  OIN  is  cleared  by  reset. 

Bit  2  PLS  Pulse/Interlocked  Handshake  Operation.  This  bit  has  no  meaning  if 
HNDS-0.  When  PLS  is  clear,  interlocked  handshake  operation  is  selected. 
In  this  mode,  strobe  B,  once  activated,  stays  active  until  the  selected 
edge  of  strobe  A  is  detected.  When  PLS  is  set,  strobe  B  is  pulsed  for 
two  E  cycles.  This  bit  is  undefined  coming  out  of  reset. 

Bit  1  EGA  Active  Edge  for  Strobe  A.  When  clear,  falling  edge  of  STRA  is 
selected.  When  output  handshake  is  selected,  port  C  bits  obey  the  DDRC 
while  STRA  is  low,  but  port  C  is  forced  to  output  when  STRA  is  high. 
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''/hen  set,  rising  edge  cf  ?TtV  is  selected.  ^.hen  output  handshake  is 
selected,  port  C  bits  obey  tne  DDPC  while  S7PA  is  high,  but  port  C  is 
forced  to  output  when  STPA  is  low.  T^is  bit  is  set  by  reset. 

Bit  ^  INVB  Invert  Strobe  B.  i-frien  clear,  the  active  level  on  strobe  B  is  a 
logic  zero.  V\<hen  set,  the  active  level  on  strobe  P  is  a  logic  one.  ’t 
is  set  by  reset. 

Location  SB^^4,  PORTC,  is  used  to  read  and  write  the  Fbrt  C  pins.  All  Port  C 
pins  are  general-purpose  input/output  pins.  The  direction  of  the  Fbrt  C  lines 
are  controlled  by  a  direction  register,  DDRC.  Port  C  inputs  can  be  latched 
by  tne  STRA  input.  Port  C  may  also  be  used  in  full  handshake  modes  of  paral¬ 
lel  I/O  where  the  STRA  input  and  STRB  output  act  as  handshake  control  lines. 
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Location  SB005,  PORTB,  is  used  to  read  and  write  Port  B.  All  of  the  port  B 
pins  are  general-purpose  output  pins.  IXiring  reads  of  this  port,  the  level 
sensed  at  the  input  side  of  the  port  E  output  drivers  is  read.  Port  B  may 
also  be  used  in  a  simple  strobed  output  mode  where  the  STRB  pulses  each  time 
port  B  is  written. 
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I  PB7  !  PB6  I  PBS  I  PB4  |  PB3  t  PB2  I  PBl  I  PB0  |  SB004  PORTB 


Location  SB00S,  PORTCL,  is  used  to  read  Port  C,  but  it  returns  the  value 
latched  at  the  time  of  the  last  significant  edge  on  STRA.  All  Port  C  pins  are 
general-purpose  input/output  pins.  The  direction  of  the  Port  C  lines  are  con¬ 
trolled  by  a  direction  register,  DDRC.  Port  C  inputs  can  be  latched  by  the 
STRA  input,  fort-  C  may  also  be  used  in  full  handshake  modes  of  parallel  I/O 
where  the  STRA  input  and  STRB  output  act  as  handshake  control  lines. 
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The  next  location  at  $B006  is  reserved  and  has  no  function  currently. 

A  data  direction  register,  DERC  at  $B007,  determines  whether  the  individual 
Port  C  pins  are  input  or  outputs.  The  data  direction  register  can  be  either 
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read  or  written  to  in  order  to  set  the  Fort  C  I/O  directions.  Each  bit  in 
PORTO  data  register  has  a  bit  position  in  the  DDRC  register.  When  a  hit  is 
configured  for  output,  by  being  set  to  1,  the  value  returned  by  a  read  is  the 
value  at  the  input  to  the  pin  driver.  When  a  line  is  configured  as  an  input, 
by  clearing  the  DDRC  bit,  the  pin  becomes  a  high  impedance  input.  If  a  write 
is  executed  to  a  line  that  is  configured  as  an  input,  the  value  does  not  af¬ 
fect  the  I/O  pin,  hut  the  bit  is  stored  in  an  internal  latch  so  that  if  the 
line  is  later  reconfigured  as  an  output,  then  this  value  appears  at  the  I/O 
pin. 
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Location  $B008,  PORTD,  is  used  to  read  and  write  ftirt  D.  Rort  D  bits  0-5  may 
be  used  for  general  I/O  or  with  the  serial  coimunications  interface  (SCI)  and 
serial  peripheral  interface  (SPI)  subsystems.  Bits  6  and  7  are  used  as  hand¬ 
shake  control  signals  for  ports  B  and  C. 
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A  data  direction  register,  DDRD  at  $B009,  determines  vtjether  the  five  in¬ 
dividual  general  purpose  Port  D  pins  act  as  input  or  outputs.  The  data  direc¬ 
tion  register  can  be  either  read  or  written  to  in  order  to  set  the  Ibrt  D  I/O 
directions.  Each  bit  in  PORTD  data  register  has  a  bit  position  in  the  DDRC 
register.  When  a  bit  is  configured  for  output,  by  being  set  to  1,  the  value 
returned  by  a  read  is  the  value  at  the  input  to  the  pin  driver.  When  a  line 
is  configured  as  an  input,  by  clearing  the  EDRD  bit,  the  pin  becomes  a  high 
impedance  input.  If  a  write  is  executed  to  a  line  that  is  configured  as  an 
input,  the  value  does  not  affect  the  I/O  pin,  but  the  bit  is  stored  in  an  in¬ 
ternal  latch  90  that  if  the  line  is  later  reconfigured  as  an  output,  then  this 
value  appears  at  the  I/O  pin. 
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Note  that  bits  6  and  7  of  Part  D  are  dedicated  to  bus  control  (AS  and  PAT 
»»tiile  in  expanded  mode  or  parallel  I/O  strobes  (STRA  and  STRB)  vtiiie  in  single 
chip  mode.  For  this  reason,  bits  6  and  7  of  Part  D  are  not  available  as 
general  purpose  I/O  lines  and  the  associated  bits  in  the  DDRD  and  PORTD 
registers  are  not  implemented. 
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Location  SBiMA,  PORTE,  is  used  tc  read  Port  E.  In  all  operating  nodes.  Port  E 
is  used  for  general-purpose  inputs  and/or  analog-to-digital  (A/D^  channel 
inputs.  Port  E  shouid  not  be  read  v^iile  an  A/D  conversion  is  actually  taking 
place.  Writes  tc  tne  PCBTE  address  have  no  meaning  or  effect. 
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The  largest  of  the  five  groups  of  registers  concern  the  timer  functions: 
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PACTL 

SB026 

TOC  3 

$B01A 
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SB027 

The  timer  has  a  single  16-bit  free-running  counter  which  is  clocked  by  the 
output  of  a  four-stage  prescaler  (divide  by  1,  4,  8  or  16) ,  which  is  in  turn 
driven  by  the  MCU  E  clock.  Input  functions  are  called  input  captures.  These 
input  captures  record  the  count  from  the  free-running  counter  in  response  to  a 
detected  edge  on  an  input  pin.  Output  functions,  called  output  cranpares,  can 
automatically  affect  output  pins  when  there  is  a  match  between  a  16-bit 
output-ccanpare  register  and  the  free-running  counter.  Additionally,  one  out¬ 
put  compare  can  affect  any  or  all  of  the  five  output  pins  (Bits  7-3)  in  Ekjrt  A 
at  once,  as  a  result  of  a  successful  compare.  This  function  allows  control  of 
multiple  I/O  pins  automatically  with  a  single  output  compare. 

This  timer  system  has  a  total  of  three  input  capture  register  and  five  output 
compare  registers’. 

The  first  register  in  the  group  deals  with  the  output  compare  function.  The 
write-only  register,  CFOBC  at  SB00B,  allows  output  compares  to  be  forced  by 
writing  to  CFCRC  with  the  associated  bit  set  for  each  output  compare  that  is 
to  be  forced.  The  action  taken  as  a  result  of  a  forced  compare  is  the  same  as 
if  there  was  a  match  between  the  OCx  register  and  the  free-running  counter, 
except  for  the  corresponding  interrupt  flag  status  bits  which  are  not  set. 
Heads  of  this  location  have  no  meaning  or  effect  and  always  return  logic  zeros 
($00). 

Five  of  the  bit  positions  in  the  CFCRC  register,  bits  7-3,  correspond  to  the 
five  output  compares.  Bits  2,  1  and  0  of  the  CFORC  register  are  not 
implemented.  Note  that  the  compare  force  function  is  not  generally  recom- 
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mended  for  use  with  the  output  toaqo.®  function  because  a  ncma^  compare  occur- 
ing  immediately  before  or  after  the  force  may  result  in  the  uhoesirable 
operation. 
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Bits  7-3  P0C1-^0C5  Force  Output  Compare  x  ^tion 

0  -  has  no  meaning 

1  -  causes  the  action  v^iich  is  programmed  for  output  com  pare 

except  that  the  OCxF  is  not  set. 

Bits  2-0  Not  implemented.  Read  as  a  logic  zeros. 

The  next  register,  OClM  at  $B00C,  is  used  in  conjunction  with  Output  Compare  1 
to  specify  the  bits  of  port  A  which  are  to  be  affected  as  a  result  of  a 
successful  OCl  compare. 
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The  bits  of  OClf^  register  correspond  bit-for-bit  with  the  output  bits  of  Port 
A  (bits  7  through  3  only).  For  each  bit  that  is  affected  by  the  successful 
Output  1  Compare,  the  corresponding  bit  in  XlW  should  be  set  to  one.  Bits 
zero  through  two  are  not  implemented  and  always  read  as  zeros.  This  register 
is  cleared  by  reset. 

TTie  register  immediately  following,  OCID  at  SB00D,  is  also  used  in  conjunction 
with  Output  Compare  1.  It  specifies  the  data  viihich  is  to  be  stored  to  the  af¬ 
fected  bits  of  Port  A  as  the  result  of  a  successful  OCI  compare.  Bits  zero 
through  two  are  not  implemented  and  always  read  as  zeros.  This  register  is 
not  affected  by  reset. 
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The  bits  of  OCID  correspond  bit-for-bit  with  the  bits  of  port  A  (bits  7 
through  3  only).  When  a  successful  OCl  compare  occurs,  for  each  bit  that  is 
set  in  OClM,  the  corresponding  data  bit  in  OCID  is  stored  in  the  corresponding 
bit  of  port  A. 

If  there  is  a  conflicting  situation  vhere  an  (XI  compare  and  another  output 
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compflre  function  occur  curing  the  sane  E  cycle 

with  both  attempting  to  alter  the  same  port  A  bit,  the  OCl  action  overrides. 

(Note  that  tne  pulse  accunulator  function  shares  bit  7  of  port  A.  If  the 
DI»Vk7  contrco.  bit  in  tne  PACTL  register  is  set,  then  FPrt  A  bit  7  is  con¬ 
figured  as  an  output  and  OCl  can  obtain  access  by  setting  OCIM  oit 
Further,  if  the  PAEN  control  bit  in  the  PACTL  register  is  set,  enabling  the 
pulse  accunulator ,  OCl  compares  cause  the  pulse  accunulator  to  take  the  ap¬ 
propriate  action  of  the  pulse  counting  or  gating  mode) . 

The  next  tvgo  locations,  TCNT  at  SB00E  and  SB00F,  can  be  used  to  read  the  cour;- 
ter  at  any  time  without  affecting  its  value  because  it  is  clocked  and  read 
during  opposite  half  cycles  of  the  ^^PU  E  clock.  A  counter  read  should  first 
address  the  most  significant  byte.  An  MPU  read  of  this  address  causes  the 
least  significant  byte  to  be  transferred  to  a  buffer.  This  buffer  is  not  af¬ 
fected  by  reset  and  is  accessed  when  reading  the  least  significant  byte  of  the 
counter.  For  double  byte  read  insr actions,  the  two  accesses  occur  on  consecu¬ 
tive  bus  cycles.  The  counter  is  cleared  to  $0000  during  reset  and  is  a  read¬ 
only  register  in  all  but  the  test  mode.  i 
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The  counter  is  cleared  to  $0000  during  reset  and  is  a  read-only  register  in 
all  but  the  test  mode. 

The  input  capture  registers  are  16-bit  read-only  registers  v*iich  are  not  af¬ 
fected  by  reset  and  are  used  to  latch  the  value  of  the  counter  when  a  defined 
transition  is  sensed  by  the  corresponding  input  capture  edge  detector.  (The 
level  transition  v*iich  triggers  comter  transfer  is  defined  by  the  correspond¬ 
ing  input  edge  bits,  EIXlxB  and  EEGxA,  in  TCTL2.) 
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The  result  obtained  by  an  input  capture  corresponds  to  the  value  of  the  coun¬ 
ter  one  cycle  after  the  transition  viiich  triggered  the  edge-detection  logic'. 
The  selected  edge  transition  sets  the  ICxF  in  TFIGI  and  can  cause  an  interrupt 
if  the  corresponding  ICicI  bit(s)  is  (are)  set  in  the  TMSKl  register.  A  read 
of  the  Input  Capture  Register's  inhibits  captures  for  one  E  cycle  to  allow 
a  double-byte  read  of  the  full  16-bit  register. 


The  output  compare  registers  are  16-bit  read/write  registers  which  are  ini¬ 
tialized  to  SF^F  by  reset.  They  can  be  used  as  output  waveform  controls  and 
as  elapsed  time  indicators.  If  an  output  compare  is  not  utilized,  the  unusecr 
registers  may  be  used  as  storage  locations. 


Ail  output  compare  registers  have  a  separate  dedicated  comparator  for  compar¬ 
ing  against  the  free-running  counter.  If  a  match  is  found,  the  corresponding 
output  compare  flag  (OCxF)  bit  in  TFICl  is  set  and  a  specified  action  is 
automatically  taken.  For  output  compare  functions  two  through  five,  the 
automatic  action  is  controlled  by  pairs  of  bits  in  the  TCTLl  control  register 
(OWc  and  OLx) .  Each  pair  of  control  bits  are  encoded  to  specify  the  output 
action  taken  as  a  result  of  a  successful  OCx  compare. 

An  interrupt  can  also  accompany  a  successful  output  compare,  provided  that  the 
corresponding  interrupt  enable  bit  (OCxl)  is  set  in  TMSKl. 
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After  an  MPU  write  cycle  to  the  most  significant  byte,  output  compares  are  in¬ 
hibited  for  one  E  cycle  in  order  to  allow  writing  of  two  consecutive  bytes 
before  making  the  next  comparison.  If  both  bytes  of  the  register  are  to  be 
changed,  a  double-byte  write  instruction  should  be  used  in  order  to  take  ad¬ 
vantage  of  the  compare  inhibit  feature.  MPU  writes  can  be  made  to  either  one 
of  the  bytes  of  the  output  compare  register  without  affecting  the  other  byte. 

Timer  Control  Register  1,  TCTLl,  is  an  8-bit  read/write  register.  All  bits  in 
this  register  are  cleared  to  zero  during  reset. 
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compare . 

OLx  Action  Taken  Upon  Successful  Compare 

0  ^  Timer  disconnected  from  output  pin  logic 

1  Toggle  OCx  output  line 
1  k'  Clear  OCx  output  line  to  zero 
1  1  Set  OCx  output  line  to  one 

Timer  Control  Register  2,  TCTL2,  is  an  8-bit  read/write  register  except  for 
bits  and  7  which  are  not  implemented. 
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Bits  7,  6  Not  implemented.  Read  as  logic  zeros. 

Bits  5,  3,  1  EDGxB  Input  Capture  x  Edge  Control.  These  two  bits 

(EDGxB  and  EDGxA)  are  cleared  to  zero  by  bits  4,  2,  0  EDGxA  reset  and 
are  encoded  to  configure  the  input  sensing  logic  for  input  capture  x  as 
follovs: 

EDGxB  EDGxA  Configuration 

0  0  Capture  disabled 

0  1  Capture  on  rising  edges  only 

1  0  Capture  on  falling  edges  only 

1  1  Capture  on  any  (rising  or  falling)  edge 

The  timer  interrupt  mask  register,  TMSKl,  is  a  read/write  register. 


B7  B6  B5  B4  B3  B2  B1  60 


I  OCllI  0C21I  0C31I  0C41I  0C51I  ICllI  IC21I  IC31I  SB022  TMSKl 


Bits  7-3  OQtl  Output  Compare  x  Interrupt.  If  the  OCxI  mask  bit  is 
set  when  the  OQcF  flag  bit  is  set,  a  hardware  interrupt  sequence  is 
requested .  ~ 

Bits  2h3  IQtl  Input  Capture  x  Interrupt.  If  the  ICxI  mask  bit  is  set 
when  the  IQcF  flag  bit  is  set,  a  hardware  interrupt  sequence  is 
requested . 


The  Timer  System  Flag  Register  1,  TFIGl,  indicates  the  occurence  of  timer  sys¬ 
tem  events  and,  together  with  the  TMSKl  register,  allows  the  timer  sub-system 
to  operate  in  a  polled  or  interrupt  driven  system.  For  each  bit  in  the  timer 
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fxa^  register  1  fTFLGl;,  there  is  a  ccr  respond  ing  bit  in  th.o  timer  masK 
register  1  (TMSKl)  in  the  same  bit  position.  If,  and  only  if,  the  mask  bit  is 
set  each  time  that  the  conditions  for  the  corresponding  flag  are  met,  a 
hardware  interrupt  sequence,  as  well  as  the  flag  bit  being  set,  is  requested. 

Tb  clear  a  flag  in  this  reaister,  a  pattern  of  ones  should  be  written  to  the 
bits  to  be  cleared.  Tbe  zeros  in  that  pattern  will  net  affect  the  state  of 
any  bit.  Bit  manipulation  instructions  would  be  inappropriate  for  flag  clear¬ 
ing  because  they  are  read-mod if y-write  instructions.  Even  thoinh  the  instruc¬ 
tion  mask  implies  that  the  programmer  is  only  interested  in  some  of  the  bits 
in  the  manipulated  location,  the  entire  8-bit  location  is  actually  read  and 
rewritten  v^iich  may  clear  other  bits  in  the  register. 

E7  B6  B5  B4  B3  B2  B1  B0 


I  OClFf  0C2FI  0C3FI  0C4FI  0C5FI  ICIFI  IC2FI  IC3FI  $B023  TFLGl 


Bits  7-3  OCxF  Output  Compare  x  Flag.  This  flag  bit  is  set  each  time  the 
timer  counter  matches  the  output  compare  register  x  value.  A  writhe 
of  zero  does  not  affect  the  state  of  this  bit.  A  write  of  a  one  causes 
this  bit  to  be  cleared. 

Bits  2-0  ICjcF  Input  Capture  x  Flag.  This  flag  bit  is  set  each  time  a 
selected  active  edge  is  detected  on  the  IO(  input  line.  A  write  of  a 
zero  does  not  affect  this  bit.  A  write  of  a  one  causes  this  bit  to  be 
cleared. 


The  Timer  System  Mask  Register  2,  TMSK2,  is  used  to  control  whether  or  not  a 
hardware  interrupt  sequence  is  requested,  as  a  result  of  a  status  bit  being 
set  in  timer  system  flag  register  2.  In  addition,  two  timer  prescaier  bits 
are  included  in  this  register.  For  each  of  the  four  most  significant  bits  in 
timer  flag  register  2  (TFLG2) ,  there  is  a  corresponding  bit  in  the  timer  mask 
register  2  (TMSK2)  in  the  same  bit  position.  All  bits  in  the  'IMSK2  Register 
are  cleared  by  reset. 


B7  B6  B5  B4  B3  B2  B1  B0 
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Bit  7  TOI  Timer  Overflow  Interrupt  Diabie.  This  read/write  bit  is  cleared 
by  reset.  If  this  bit  is  set,  a  timer  overflow  interrupt  request 
is  initiated  each  time  the  TOF  bit  (in  TFli32)  is  set,  as  a  result 
of  a  timer  counter  overflow. 

Bit  6  RTI  Interrupt  Ehable.  This  read/write  bit  is  used  to  enable  or  inhibit 
RTIF  interrupt  flags  from  causing  hardware  interrupt  sequences. 


11 


It  is  cleared  to  zero  by  reset.  When  RTII  is  clear,  the  PTI'^ 
flag  is  masked  (inhibited).  When  RTII  is  set,  the  RTIF  flag  is 
enabled  to  cause  a  hardvare  interrupt. 

Bit  5  PAOVI  Pulse  Accumulator  Overflow  Interrupt  Enable.  This 

read/write  bit  is  cleared  to  zero  by  reset  and  is  used  to  enable 
or  inhibit  PAOVF  interrupt  flags  from  causing  hardware  interrupt 
sequences.  When  it  is  set,  a  hardware  interrupt  results  when  the 
PAOVF  bit  is  set. 

Bit  4  PAII  Pulse  Accunulator  Input  Interrupt  Ebable.  This  read/write  bit  is 
used  to  enable  or  inhibit  PAIF  interrupt  flags  from  causing 
hardviare  interrupt  sequences.  It  is  cleared  to  zero  by  reset. 
When  it  is  set,  a  hardware  interrupt  results  if  the  PAIF  bit  is 
set. 

Bit  3-2  These  bits  are  not  implemented.  Reads  of  these  bits  will  always 
return  a  logic  zero. 

Bit  1-0  FR1,PR0  Timer  Prescaler  Selects.  These  two  bits  may  be  read  at 
any  time  but  may  only  be  written  during  initialization.  Reset 
clears  these  bits.  Writes  are  disabled  after  the  first  write  ot 
after  64  E  cycles  out  of  reset.  If  the  MCU  is  in  special  test  or 
special  bootstrap  mode,  then  these  two  bits  may  be  written  any 
time. 

These  two  bits  specify  the  timer  prescaler  divide  factor: 

PRl  PR0  Divide-by-Factor 


0  0  1 

0  1  4 

10  8 
11  16 


Timer  System  Flag  Register  2,  TFLG2,  indicates  the  occurence  of  timer  system 
events  and,  together  with  the  TMSK2  register,  allows  the  timer  sub-systems  to 
operate  in  a  polled  or  interrupt  driven  system.  Fbr  each  bit  in  timer  flag 
register  2  (TFIJ32' ,  there  is  a  corresponding  bit  in  timer  mask  register  2 
(TT1SK2)  in  the  same  bit  position.  If  the  mask  bit  is  set  each  time  that  the 
conditions  for  the  corresponding  flag  are  met,  a  hardware  interrupt  sequence, 
as  well  as  the  flag  bit  being  set,  is  requested. 

The  timer  system  status  register  indicates  when  interrupt  conditions  have 
occurred.  Tb  clear  a  bit  or  bits,  a  logic  one  is  written  to  it,  or  them. 

Bit  manipulation  instructions  are  inappropriate  for  flag  clearing  because  they 
are  read-modify-write  instructions.  Even  though  the  instruction  mask  implies 
that  the  programmer  is  only  interested  in  some  of  the  bits  in  the  manipulated 
location,  the  entire  8-bit  location  is  actually  read  and  rewritten  which  may 
clear  other  bits  in  the  register. 
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I  TOF  I  RTIFIPACVF!  PAIFI  -!-!-!-!  SB^25  TFLG2 


Bit  7  TOF  Timer  CX/erflow.  This  bit  is  cleared  by  reset.  It  is  set  to  one 
each  time  the  16-bit  free-running  counter  advances  from  a  value  of  SFFFF 
to  S00i30.  In  order  to  acknowledge  (clear)  the  TOF  flag  the  user  must 
perform  a  write  operation  to  TFLG2  with  bit  7  set. 

Bit  6  RTIF  Real  Time  Interrupt  Flag.  This  bit  is  cleared  by  reset.  RTIF 
is  set  at  each  rising  edge  of  the  selected  tap  point.  To  clear  tne  RTIF 
flag,  a  software  write  is  performed  to  the  TFLG2  register  with  bit  6  set 
to  one. 

Bit  5  PAOVF  Pulse  Acconulator  CX/erflow  Interrupt  Flag.  This  bit  is  cleared 
by  reset.  PAOVF  becomes  set  when  the  count  in  the  pulse  accumulator 
rolls  over  from  $FF  to  $00.  This  bit  is  cleared  by  a  write  to  the  TFL32 
register  with  bit  5  set.  f 

Bit  4  PAIF  Pulse  Accumulator  Input  Edge  Interrupt  Flag.  This  bit  is  clearqd 
by  reset.  PAIF  becomes  set  v^n  an  active  edge  is  detected  on  the  PAl 
input  pin.  This  bit  is  cleared  by  a  write  to  the  TFIj32  register  with 
bit  A  set. 

Bits  3-0  These  bits  are  not  implemented  and  they  read  as 

logic  zeros. 

When  the  count  changes  from  SFFFF  to  $0000,  the  timer  overflow  flag  (TOF)  bit 
is  set  in  TFGLZ.  An  interrupt  can  be  enabled  by  setting  the  interrupt  enable 
bit  (TOI)  in  •IWSK2. 

The  real  time  feature  on  the  68HC11  is  configured  and  controlled  by  two  bits 
in  the  PACTL  control  register  (RTOl  and  RTR0)  to  select  one  of  four  interrupt 
rates.  The  RTII  bit  in  TMSK2  enables  the  interrupt  capability.  Every  time 
out  causes  the  RTIF  bit  to  be  set  in  TFIC2  and  if  RTII  is  set,  an  interrupt 
request  is  generated.  After  reset,  one  entire  real  time  interrupt  period 
elapses  before  the  RTIF  flag  is  set  for  the  first  time. 

The  pulse  accumulator  is  an  8-bit  counter  which  can  operate  in  either  one  of 
the  two  modes  depending  on  the  state  of  the  PAMOD  control  bit  in  PACTL.  In 
the  event  counting  mode,  the  8-bit  counter  is  clocked  to  increasing  values  by 
an  external  pin.  In  the  gated  time  accumulation  mode,  an  E/64  clock  drives 
the  8-bit  counter,  but  only  while  the  external  PAI  input  pin  is  in  a  selected 
state. 

The  pulse  accunulator  uses  port  A  bit  7  as  its  PAI  input,  but  this  pin  also 
shares  function  as  a  general  purpose  I/O  pin  and  as  a  timer  output  compare  1 
output.  Although  port  A  bit  7  would  normally  be  configured  as  an  input  when 
being  used  for  the  pulse  accumulator,  it  still  drives  the  pulse  ac-  mulator 
system  even  vhen  it  is  configured  for  use  in  its  alternate  capacities 
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Four  bits  in  this  register  are  used  to  control  an  8-bit  pulse  accunulator  sys- 
ten  and  tw  other  bits  are  used  to  select  the  rate  tor  the  real  time  interrupt 
system. 


B7  B6  B5  B4  E3  B2  B1  Bi3 

I - I - I - I - I - I - 1 - I - ] 

IDDRA7I  PAENIPAMODIPEDGEI  -  I  -  I  RTRl  I  RTRi3l  SBia2fi  PATCL 


Bit  7  DDRA7  Data  Direction  for  Part  A  Bit  7.  This  read/write  bit  is  used  to 

enable  or  disable  the  output  driver  for  the  Port  A  bit  7  pin.  DDRA7  is 

cleared  by  reset.  When  DDRA7  is  zero,  the  Port  A  bit  7  pin  is  con¬ 
figured  for  input  only  and  when  DDRA7  is  one,  Port  A  bit  7  is  configured 
for  output.  Note  that  even  when  Port  A  bit  7  is  configured  for  output, 
this  pin  still  acts  as  the  input  to  the  pulse  accimulator  system. 

Bit  6  PAEN  Pulse  Aocusnulator  System  Ehable.  This  read/write  bit  is  used  to 

enable  or  disable  the  pulse  accimulator  system.  PAEN  is  cleared  by 

reset.  When  it  is  set,  the  pulse  accimulator  is  enabled,  and  when 
clear,  the  pulse  accumulator  system  is  disabled. 

Bit  5  PMOD  Pulse  fccumolator  Mode,  This  read/write  bit  controls  whether 
the  pulse  accimulator  is  to  operate  in  the  external  event  counting  mode 
or  the  gated  time  accimulation  mode.  When  it  is  zero,  the  pulse  ac¬ 
cimulator  counts  pulses  on  the  PAI  input  pin  (port  A  bit  7) .  When  it  is 
set,  the  pulse  accimulator  operates  in  the  gated  time  accimulation  mode 
and  the  PAI  input  allows  the  pulse  accimulator  counter  to  count.  The 
PAMOD  bit  is  cleared  to  zero  by  reset. 


PAMOD  PEDGE  Action  on  Clock 

0  0  PAI  Falling  Edge  Increments  the  Gointer 

0  1  PAI  Rising  Edge  Increments  the  Counter 

1  0  A  '0'  on  PAI  Inhibits  Cointing 

1  1  A  '1'  on  PAI  Inhibits  Counting 


Bit  4  PEDGE  Rilse  Accimulator  Edge  Control.  This  read/write  bit  has  dif¬ 
ferent  meanings  depending  on  the  state  of  the  PAMOD  control  bit.  This 
bit  is'cleared  by  reset. 

Bit  3-2  These  bits  are  not  implemented  and  read  as  logic  zeros. 

Bit  1-0  RTR1,RTRE  RTI  Interrupt  Rate  Selects.  These  two  read/write  bits 
select  one  of  four  rates  for  the  real  time  period  interrupt  circuit. 
Reset  clears  these  two  bits  and  after  reset,  a  full  RTI  period  elapses 
before  the  first  RTI  interrupt. 
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The 

serial 

peripheral 

interface  (SPI) 

is  a  synchronous 

interface  built  into 

the 

68HC11 

MCU 

v*iich 

allovB  several 

68HC11  MCUs  or  a  eSHCll  plus  peripheral 

levices,  to  be 

interconnected .  In 

an  SPI,  separate 

wires  (signals)  are 

required  for  data  and  clock  as  the  clock  is  not  included  in  the  data  stream. 
An  SPI  system  may  be  configured  as  a  master  or  as  ?  slave. 

llTe  four  basic  signals  (MISO,  MOSI,  SCK  and  SS)  used  to  transmit  data  by  the 
serial  peripheral  interface  are  discussed  in  the  following  paragraphs.  Each 
signal  is  described  for  both  the  master  and  slave  modes. 

Any  SPI  outputs  has  to  have  its  corresponding  data  direction  bit  in  ECRD  set. 
If  this  bit  is  clear,  the  pin  is  disconnected  from  the  SPI  logic  and  becomes  a 
general-purpose  input. 

There  are  three  registers  in  the  serial  peripheral  interface  vhich  provide 
control,  status  and  data  strorage  functions. 


B7  B6  B5  -B4  B3  B2  BI  B0 
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SPIEl  SPE  I  DWOMI  MSTRI  CPOL I  CPHAl  SPRl I  SPR0I  $B028  SPCR 


7  SPIE  Serial  Peripheral  Interrupt  Ehable.  When  the  SPIE  bit  is  set,  r 
interrupts  are  allowed.  Interrupts  are  masked  v^ien  this  bit  is  clear 
'Hie  SPIE  bit  is  cleared  by  reset. 
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Bit  ^  SPE  Serial  Paj-ipheraj.  Ehable.  When  serial  peripneral  enable  bit  is 
set,  it  enables  the  SPI  system  by  connecting  it  to  the  external  pins. 
Because  the  SPE  bit  is  cleared  by  reset,  the  SPI  system  is  net  connected 
to  the  external  pins  upon  reset. 

Bit  5  CWW  Port  D  ???  .  If  the  DWO>  bit  is  set,  Psrt  D  output  pins  function 
as  open-drain  outputs,  and  v^en  the  IV'OM  is  clear,  Port  D  output  pins 
function  normally.  The  CWCN  bit  is  cleared  by  reset. 

Bit  ^  MSTR  piaster.  If  the  MSTR  bit  is  set,  the  SPI  is  a  master  device.  If 
cleared,  the  SPI  is  a  slave  device. 

Bit  3  CPOL  dock  Polarity.  When  the  CPOL  bit  is  cleared  and  data  is  not 
being  transferred,  a  steady  state  low  value  is  produced  at  the  SCK  pin 
of  the  master  device.  Conversely,  if  this  bit  is  set,  the  SCK  pin  will 
idle  high.  This  bit  is  also  used  in  conjunction  with  the  clock  phase 
control  bit  to  produce  the  desired  clock-data  relationship  between 
master  and  slave.  The  CPOL  bit  is  cleared  by  reset. 

Bit  2  Clock  Phase.  The  CPHA  bit,  in  conjunction  with  the  CPOL  bit, 

controls  the  clock-data  relationship  between  master  and  slave.  In 
general,  the  CPHA  bit  selects  which  clock  edge  captures  data  and  allows 
it  to  change  states.  The  CPHA  bit  is  set  by  reset. 

Bit  1-0  SPRl  SPRi  Serial  Peripheral  Rate  Selects.  These  two  bits  select  one 
of  four  baud  rates  to  be  used  as  a  SCK  if  a  device  is  a  master;  however, 
they  have  no  effect  in  the  slave  mode.  The  SFRl  and  SFR0  bits  are  not 
affected  by  reset. 


SPRl 


SPR0 


Internal 

Clock 


Processor 
Divide  By 


2 

4 

16 

32 
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Bit  7  SPIF  Serial  Peripheral  Data  Transfer  Flag.  The  SPIF  bit  is  set  upon 
completion  of  data  transfer  between  the  processor  and  external  device. 
If  SPIF  goes  high  and  if  SPIF  is  set,  a  serial  peripheral  interrupt  is 
generated.  While  SPIF  is  set,  all  writes  to  the  serial  peripheral  data 
register  are  inhibited.  Clearing  the  SPIF  bit  is  accomplished  by  read- 
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mg  the  SPSR  ^with  SPIF  set)  fcl^inwed  by  an  access 
SPIF  bit  is  cleared  by  reset. 

Bit  ^  WCOL  Write  Collision.  The  WCOL  bit  is  set  v*ben  an  at 
write  to  the  serial  peripheral  data  reoister  while  da 
taking  place.  Clearing  the  WCOL  bit  is  accompl ished  by  rv 
(with  WCOL  set)  followed  by  an  access  to  SPDR.  The  WCOL  b. 
by  reset. 

Bit  5  Not  implemented  and  reads  as  zero. 

Bit  4  MODF  Mode  Fault  Flag.  The  mode  fault  flag  indicates  that  thx 
have  been  a  multi-master  conflict  for  system  control  and  allovs  a  , 
exit  from  system  operation  to  a  reset  or  default  system  state.  The 
bit  is  normally  clear,  and  is  set  only  when  the  master  device  has  its. 
pin  pulled  low.  Setting  the  MODF  bit  affects  the  internal  seri  > 

peri^eral  interface  system  in  the  following  ways: 

1.  An  SPI  interrupt  is  generated  if  SPIE  =  1 

2.  The  SPE  bit  is  cleared.  This  disables  the  SPI.  f 

3.  The  MSTR  bit  is  cleared,  thus  forcing  the  device  into  the  slave 

mode.  I 

Clearing  the  MODF  bit  is  accomplished  by  reading  the  SPSR  (with  MODF 
set) ,  followed  by  awrite  to  the  SPCR,  Control  bits  SPE  and  MSTR  maybe 
restored  to  their  original  set  state  after  the  MODF  bit  has  been 
cleared.  The  MODF  bit  is  cleared  by  reset. 

Bit  3-0  These  bits  are  not  implemented  and  read  as  zeros. 


6  5  4  3  2  1  0 


I  SERIAL  PERIPHERAL  DATA  I/O  REGISTER  I  SB02A  SPDR 


The  serial  peripheral  data  I/O  register  is  used  to  transmit  and  receive  data 
on  the  serial  bus.  Only  a  write  to  this  register  will  initiate 
trananiss ion/ reception  of  another  byte  and  this  will  only  occur  in  the  master 
device.  At  the  completion  of  transmitting  a  byte  of  data,  the  SPIF  status  bit 
is  set  in  both  the  master  and  slave  devices. 

When  the  us^  reads  the  serial  peripheral  data  I/O  register,  a  buffer  is  ac¬ 
tually  being  read.  The  first  SPIF  must  be  cleared  by  the  time  a  second  trans¬ 
fer  of  data  from  the  shift  register  to  the  read  buffer  is  initiated  or  an 
overrun  condition  will  exist. 

A  write  to  the  serial  peripheral  data  T/0  register  is  not  buffered  and  places 
data  directly  into  the  shift  register  for  transnission. 

A  full-duplex  asynchronous  Serial  Communications  Interface  (SCI)  is  provided 
with  a  standard  NRZ  format  (one  start  bit,  eight  or  nine  data  bits  and  one 
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stop  bit)  and  a  variety  of  baud  rates.  "P^e  SCI  transmitter  and  receiver  are 
functionally  independent,  but  use  the  same  data  format  and  bit  rate.  "Baud" 
and  "bit  rate"  are  used  synonymously  in  the  following  description. 

Receive  data  fF^D)  or  transmit  data  ^TyD)  is  the  serial  data  which  is  trans- 
fered  to  the  internal  data  bus  from  the  input  pin  fRxD)  and  from  the  internal 
bus  to  the  output  pin  fTxDi .  The  user  has  option  bits  in  serial  communica¬ 
tions  control  register  1  fSCCRl)  to  determine  the  "wake-up"  method  (WAKE  bit) 
and  data  word  length  bit)  of  the  SCI.  Serial  communications  control 
register  2  (SCCR2)  provides  control  bits  which  individually  enable/disable  the 
transnitter  or  receiver  (TE  and  RE,  respectively)  enable  system  interrupts 
(TIE,  TCIE,  ILIE)  and  provide  the  wake-up  enable  bit  (RWU)  and  the  send  break 
code  bit  (SBK) .  The  baud  rate  register  bits  allow  the  user  to  select  dif¬ 
ferent  baud  rates  which  may  be  us^  as  the  rate  control  for  the  transnitter 
and  receiver. 

Data  transmission  is  initiated  by  a  write  to  serial  communications  data 
register  (SCDR) .  Provided  that  the  transnitter  is  enabled,  data  stored  in  the 
SCER  is  transferred  to  the  transnit  serial  shift  register.  This  transfer  of 
data  sets  the  TDRE  bit  of  the  SCI  status  register  (SCSR)  and  may  generate  an 
interrupt  if  the  transmit  interrupt  is  enabled.  The  transfer  of  data  to  the 
transmit  shift  register  is  synchronized  with  the  bit  rate  clock.  All  data  is 
transmitted  bit  zero  first.  Upon  completion  of  data  transnission,  the  TC 
(transmission  complete)  bit  of  the  SCSR  is  set  (provided  no  pending  data, 
preamble  or  break  is  to  be  sent)  and  an  interrupt  may.be  generated  if  the 
transmit  complete  interrupt  is  enabled.  If  the  transmitter  is  disabled  and 
the  data,  preamble  or  break  (in  the  transmit  shift  register)  has  been  sent, 
the  TC  bit  will  also  be  set.  This  will  also  generate  an  interrupt  if  the  TCIE 
bit  is  set. 

When  the  SCER  is  read,  it  contains  the  last  data  byte  received,  provided  that 
the  receiver  is  enabled.  The  RDRF  bit  of  the  SCSR  is  set  to  indicate  that  a 
data  byte  has  been  transfered  from  the  input  serial  shift  register  to  the 
SCDR,  which  can  cause  an  interrupt  if  the  receiver  interrupt  is  enabled.  The 
data  transfer  from  the  input  serial  shift  register  to  the  SCER  is  synchronized 
by  the  receiver  bit  rate  clock.  The  CR  (overrun),  NF  (noise),  or  FE  (framing 
error)  bits  of  the  SCSR  may  be  set  if  data  reception  errors  occured. 

An  idle  line  interrupt  is  generated  if  the  idle  line  interrupt  is  enabled  and 
the  IDLE  bit  (vhich  detects  idle  line  transmission)  of  SCSR  is  set.  This 
allows  a  receiver  that  is  not  in  the  wake-up  mode  to  detect  the  end  of  a 
message,  the  preamble  of  a  new  message  or  to  resynchronize  with  the 
transmitter. 

The  baud  rate  register,  BAUD,  provides  the  means  for  selecting  different  baud 
rates  which  may  be  used  as  the  rate  control  for  the  transnitter  and  receiver. 
The  SCP0-SCP1  bits  function  as  a  prescaler  for  the  SCR0-SCR2  bits.  Tbgether, 
these  five  bits  provide  multiple  baud  rate  combinations  for  a  given  crystal 
frequency. 
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Bit  7-R  These  two  bits  are  not  implemented. 

Bit  5  SCPl,SCPi  Table  below  shows  the  prescaie  values  attained 
from  the  E  clock.  Reset  clears  SCPl-SCPi3  bits  (divide-by-one)  . 


1 

SCPl 

1 

SCP0 

1 

1 

Internal  Processor 
Clock  Divide  By 

0 

0 

1 

1 

0 

1 

1 

3 

1 

0 

1 

4 

1 

1 

1 

13 

J 

Bit  3  Not  implemented. 

Bit  2-0  SCR2  SCRl  SCR0  These  three  bits  select  the  baud  rate  of  both  the 
trananitter  and  the  receiver.  Table  below  shows  the  prescaier  value 
that  divides  the  output  of  the  first  stage.  Reset  does  not  affect  the 
SCR2— SCR0. 


1 

SCR2  1 

I 

- 1 

1 

SCRl  1 
( 

1 

SCR0  1 

Prescaler  Output  1 
Divide  By  1 

0  i 

0  i 

0  1 

1  1 

0  1 

0  1 

1  1 

2  1 

0  1 

1  1 

0  1 

4  1 

0  1 

1  1 

1  1 

8  ! 

1  1 

0  1 

0  1 

16  1 

j.  1 

0  1 

1  1 

32  1 

1  1 

1  1 

0  1 

64  1 

1  1 

1  1 

1  1 

128  1 

Note  that  there  is  a  fixed  rate  divide-by-1^  between  the  receive  clock  (Rx) 
and  the  transmit  clock  (Tx) .  The  actual  divider  chain  is  controlled  by  the 
combined  SCP0-SCP1  and  SCR0-SCR2  bits  in  the  baud  rate  register  as 
illustrated. 
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Crystal  Freauency  (mhz) 


1  SCP 

'CLK* 

1  Bit 

^  Dvd 

1 - 

1  By 

1  0  1 

1 

1  0  0 

1  1 

1  0  1 

1  3 

1  1  0 

1  4 

1  1  1 

1  13 

!• 


S.BSS'^  I  8.^!  I  4.9152  i  4.0  I 

131.072  KBaud  1 125.000  KBaud  1  76.80  KBaud  I  62.50  KBaujf 

43.690  KBaudI  ^1.666  KBaudI  25.60  KBaudI  20.833  KBaudI 

32.768  KBaudI  31.250  KBaudI  19.20  KBaudI  15.625  KBaudI 

10.082  KBaudI  9600  BaudI  5.907  KBaudI  4800  BaudI 


3.6864  1 

57.60  KBaudI 
19.20  KBaudI 
14.40  KBaudI 
4430  BaudI 


*  The  clock  in  the  "Clock  Divided  By"  colimn  is  in  the  internal  processor  clock. 

Note:  The  divided  frequencies  shovgn  above  represent  baud  rates  which  are  the 
highest  trananit  baud  rate  (Tx)  that  can  be  obtained  by  a  specific  crystal 
frequency  and  only  using  the  prescaler  division.  Lower  baud  rates  may  be  ob¬ 
tained  by  providing  a  further  division  using  the  SCI  rate  select  bits  as  shown 
on  I^ble  for  some  representative  prescaler  outputs. 


SCP 

Bit 


I 


CLK* 

>1  Divided  I 


Crystal  Frequency  (MHz) 


2 

1 

0 

1  By 

0 

0 

0 

1  1 

0 

0 

1 

1  2 

0 

1 

0 

1  4 

0 

1 

1 

1  8 

1 

0 

0 

1  16 

1 

0 

1 

1  32 

1 

1 

0 

1  64 

1 

1 

1 

1  128 

1131.072  KBaud|32.768  KBaud|76.80  KBaudll9.20  KBaudl9600  BaudI 


•I- 


1131.072  KBaud 
I  65.536  KBaud 
I  32.768  KBaud 
I  16.384  KBaud 
I  8.191  Roaud 
I  4.096  KBaud 
I  2.048  KBaud 
I  1.024  KBaud 


132, 
116, 
I  8, 
1  4, 
I  2, 
I  1, 
I 


768  KBaudI 
384  KBaudI 
192  KBaudI 
096  KBaudI 
048  KBaudI 
024  KBaudI 
BaudI 
BaudI 


512 

256 


76.80 

38.40 

19.20 

9600 

4800 

2400 

1200 

900 


KBaud 

KBaud 

KBaud 

Baud 

Baud 

Baud 

Baud 

Baud 


119.20 
9600 
I  4800 
2400 
I  1200 
600 
I  300 
150 


KBaud 

Baud 

Baud 

Baud 

Baud 

Baud 

Baud 

Baud 


19600 
14800 
12400 
11200 
I  600 
300 
I  150 
I  75 


BaudI 
BaudI 
BaudI 
BaudI 
BaudI 
BaudI 
BaudI 
Baud  I 


I- 


Note:  This  illustrates  how  the  SCI  select  bits  can  be  used  to  provide  lower 
transmitter  baud  rates  by  further  dividing  the  prescaler  output  frequency. 
The  five  examples,  are  only  representative  samples.  In  all  cases,  the  baud 
rates  shown  are  trananit  baud  rates  (trananit  clock)  and  the  receiver  clock  is 
16  times  higter  in  frequency  than  the  actual  baud  rate. 

The  Serial  Communications  Control  Register  1,  SCCRl,  provides  the  control  bits 
which: 


1.  determine  the  word  length  arxi 

2.  selects  the  method  used  for  the  wake-up  feature 


B7  B5  34  B?  B2  B1  Bk’ 

I - I - ! - I - I - I - I - I - 

I  R8  I  TP  1  -  I  N  I  WAKE  I  -  I  -  I  - 


$Bi?2C  SCCRl 


Bit  7  R8  If  the  w  bit  is  set,  this  bit  provides  a  storage  location  for  t'  e 
ninth  bit  in  the  receive  data  v«ord.  Reset  does  not  affect  this  bit. 

Bit  ^  T8  If  the  M  bit  is  set,  this  bit  provides  a  storage  location  for  the 
ninth  bit  in  the  trananit  data  word.  Reset  does  not  affect  this  bit. 


Bit  5  This  bit  is  not  implemented  and  reads  as  zero. 

Bit  4  M  This  bit  selects  the  word  length.  Reset  clears  this  bit. 

^  -  1  start  bit,  P  data  bits,  1  stop  bit 
1=1  start  bit,  9  data  bits,  1  stop  bit 


Bit  3  WAKE 
up". 


This  bit  allovs  the  user  to  select  the  method  for  receiver  "veke- 

{ 


When  clear,  an  idle  line  condition  (10  consecutive  ones  if  or  11 
consecutive  ones  if  M»l)  will  wake-up  the  receiver. 

When  set,  detection  of  a  one  in  last  data  bit  (eight  data  bit  if  M=0, 
ninth  data  bit  if  M»l)  will  wake-up  the  receiver. 

Bit  2-0  These  bits  are  not  implemented  and  read  as  zeros. 

The  serial  comnunications  control  register  2,  SCCR2,  provides  control  bits 
which  individually  enable/disable  the  SCI  functions. 
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I  TIE  I  TCIEI  RIE  I  ILIEI  TE  I  RE  I  RWU  I  SBK  |  SB02D  SCCR2 


Bit  7  TIE  Transmit  Interrupt  Ehable.  When  the  TIE  bit  is  set,  the  SCI  inter¬ 
rupt  occurs  when  TDRE  is  set.  When  TIE  is  clear,  the  TDRE  interrupt  is 
disabled.  Cleared  by  reset. 

Bit  6  TCIE  Transmission  Complete  Interrupt.  When  the  TCIE  bit  is  set,  the 
SCI  interrupt  occurs  when  TC  is  set.  When  TCIE  is  clear,  the  TC  inter¬ 
rupt  is  disabled.  Cleared  by  reset. 

Bit  5  RIE  Receive  Interrupt  Ehable.  When  the  RIE  bit  is  set,  the  SCI  inter¬ 
rupt  occurs  when  CR  or  RERF  are  set.  When  RIE  is  clear,  the  CR  and  RERF 
interrupts  are  disabled.  Cleared  by  reset. 

Bit  4  ILIE  Idle  Line  Interrupt  Ehable.  When  the  ILIE  bit  is  set,  the  SCI  in- 
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terrupt  occurs  when  IDLE  is  set.  When  ILIE  is  clear,  the  IDLE  interrupt 
is  hisabled.  Cleared  by  reset. 

Bit  3  TE  Transmit  Enable,  when  the  TE  bit  is  set,  the  transmit  shift 
register  output  is  applied  to  the  TxD  line.  Depending  on  the  state  of 
control  bit  M  (SCCR) ,  a  preamble  of  li3  or  11  (M=l)  consecutive 

ones  is  transmitted  when  software  sets  the  TE  bit  from  a  cleared  state. 
After  loading  the  last  byte  in  the  serial  communications  data  register 
and  receiving  the  interrupt  from  TORE,  the  user  can  clear  TE.  Transmis¬ 
sion  of  the  last  byte  will  then  be  completed  before  the  transmitter 
gives  up  control  of  the  TXD  pin.  Cleared  by  reset. 

Bit  2  RE  Receive  Ehable.  When  the  receive  enable  bit  is  set,  the  receiver  is 

enabled.  When  RE  is  clear,  the  receiver  is  disabled  and  all  of  the 

status  bits  associated  with  the  receiver  (REPF,  IDLE,  DR,  NF  and  FE)  are 
inhibited.  Geared  by  reset. 

Bit  1  RWU  Receiver  Wake-up.  When  the  IWU  bit  is  set,  it  enables  the  "wake- 
up"  function.  If  the  WAKE  bit  is  cleared,  IWU  is  cleared  after  receiv¬ 
ing  10  (M«0)  or  11  (M*i)  consecutive  ones.  If  the  WAKE  bit  is  set,  IWU 
is  cleared  after  receiving  a  data  word  whose  MSB  is  set.  Geared  by 
reset. 

Bit  0  SBK  Send  Break.  If  the  SBK  bit  is  toggled  set  and  cleared,  the  trans¬ 
mitter  sends  10  (M«0)  or  11  (M*l)  zeros  and  then  reverts  to  idle  or 

sending  data.  If  ®K  remains  set,  the  transmitter  will  continually  send 
whole  blocks  (sets  of  10  or  11)  zeros  until  cleared.  At  the  completion 
of  the  break  code,  the  transmitter  sends  at  least  one  high  bit  to 
guarantee  recognition  of  a  valid  start  bit.  Reset  clears  the  SBK  bit. 

The  Serial  Communications  Status  Register,  SCSR,  provides  inputs  to  the  inter¬ 
rupt  logic  circuits  for  generation  of  the  SCI  system  interrupt. 
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Bit  7  TDRE  Transmit  Data  Register  Bnpty.  The  TDRE  bit  is  set  to  indicate 
that  the  content  of  of  the  serial  conmunications  data  register  have  been 
transferred  to  the  transmit  serial  shift  register.  This  bit  is  cleared 
by  reading  the  SCSR  (with  TDRE»1)  followed  by  a  write  to  the  SCDR. 
Reset  sets  the  TDRE  bit. 

Bit  6  TC  Transmit  Complete.  The  TC  bit  is  set  at  the  end  of  a  data  frame, 
preamble,  or  break  condition  if: 

1.  TE«  1,  TCRE  «  1  and  no  pending  data,  preamble  or  break  is  to  be 
trananitted;  or 
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2.  TE  *  i3  and  the  data,  preanble,  or  break  (in  the  transmit  shif*- 
register)  has  been  transmitted. 

nie  TC  bit  is  a  status  flag  v*iich  indicates  that  one  of  the  above  condi¬ 
tions  have  occured.  The  TC  bit  is  cleared  by  reading  the  SCSR  (with  TT 
set)  followed  by  a  write  to  the  SCDR.  Reset  sets  the  TT  bit. 

Bit  5  RDRF  Receiver  Data  Register  Full.  The  RDRF  bit  is  set  when  the 
receiver  serial  shift  register  is  transferred  to  the  RCDR.  The  RDRF  b^'t 
is  cleared  when  the  SCSR  is  read  (with  RDRF  set)  followed  by  a  read  of 
the  SCDR.  Reset  clears  the  RDRF  bit. 


Bit  4  IDLE  Idle  Line  Detect.  The  IDLE  bit,  when  set,  indicates  a  receiver 
idle  line  is  selected.  The  IDLE  bit  is  cleared  by  reading  the  SCSR  with 
IDLE  set  followed  by  a  read  of  the  SCDR.  ’Die  IDLE  bit  is  inhibited  when 
the  PWU  bit  is  set.  Reset  clears  the  IDLE  bit. 


Bit  3  OR  CX/errun.  The  OR  bit  is  set  when  the  next  byte  is  ready  to  be  trans¬ 
ferred  from  the  receive  shift  register  to  the  SCDR  which  is  already  full 
(RDRF  bit  is  set).  Tbe  only  valid  data  is  located  in  SCDR  when  OR  js 
set.  The  OR  bit  is  cleared  vhen  the  SCSR  is  read  (with  OR  set)  ,  fol¬ 
lowed  by  a  read  of  the  SCDR,  Reset  clears  the  OR  bit. 


Bit  2  HP  Noise  Flag.  The  NF  bit  is  set  if  there  is’  noise  on  any  of  the 
received  bits,  including  the  start  and  stop  bits.  The  NF  bit  is  not  set 
until  the  RDRF  flag  is  set.  The  NF  bit  is  cleared  when  the  SCSR  is  read 
(with  NF  set) ,  followed  by  a  read  of  the  SCDR.  Reset  clears  the  NF  bit. 


Bit  1  PE  Framing  Error.  The  FE  bit  is  set  vihen  no  stop  bit  was  detected  in 
the  data  string  received.  The  FE  bit  is  set  at  the  same  time  as  the 
RDRF  is  set.  If  the  byte  received  causes  both  framing  and  overrun 
errors,  the  processor  will  only  recognize  the  overrun  error.  The  fram¬ 
ing  error  flag  inhibits  further  transfer  of  data  into  SCDR  until  it  is 
cleared.  The  FE  bit  is  cleared  when  the  SCSR  is  read  (with  FE»1)  fol¬ 
lowed  by  a  read  of  the  SCDR.  Reset  clears  the  FE  bit. 


Bit  0  Not  implemented.  Reads  as  zero. 


The  Serial  Goinnmications  Data  Register,  SCDR,  performs  two  functions,  i.e., 
it  acts  as  the  receive  data  register  when  it  is  read  and  as  the  transmit  data 
register  vihen  it  is  written. 
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SERIAL  COMMUNICATIONS  DATA  REGISTER  I  SB02F  SCDR 


ADCTL  SBU30 
ADRl  SB031 
ADR2  $B032 


23 


ADR?  3 

ADR4  ?Bi334 

'Ihe  ARHCll  includes  an  P-channel  multiplexed- input  successive  approximation 
anaiog-to-digital  (A/D)  converter  with  sample  and  hold  to  minimize  conversion 
errors  caused  by  rapidly  changing  input  signals.  TVro  dedicated  pins 
Vpj^)  are  provided  for  the  reference  supply  voltage  inputs.  Ttiese  pins  may  be 
connected  to  a  lower  noise  power  supply  to  assure  full  accuracy  of  the  A/D 
conversion.  The  8-bit  A/D  converter  has  a  linearity  error  of  \/7  LSE  and 

accepts  analog  inputs  which  range  from  VrL  to  .Yrh-  Shialler  analog  input 
ranges  can  also  be  obtained  by  adjusting  and  to  the  desired  upper  and 
lower  limits.  Each  conversion  is  accomplished  in  32  MCU  E  clock  cycles, 
provided  the  E  rate  is  equal  to  or  greater  than  1  MHz.  For  systems  which 
operate  at  clock  rates  less  than  1.0  mhz,  an  internal  R-C  oscillator  must  be 
used  to  clock  the  A/D  system  by  setting  the  CSEL  bit  in  the  OPTION  register. 

All  bits  in  the  ADCTL  register  may  be  read  or  written,  except  bit  7  which  is  a 
read-only  status  indicator  and  bit  6  wiiich  always  reads  as  zero.  Bit  is 
cleared  at  reset  but  the  other  bits  are  not  affected  by  reset. 
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Bit  7  CCF  Conversion  Complete  Flag,  This  read-only  status  indicator  is  set 
when  all  four  A/D  result  registers  contain  valid  conversion  results. 
Each  time  the  ADCTL  register  is  written,  this  bit  is  automatically 
cleared  to  zero  and  a  conversion  sequence  is  started.  In  the  continuous 
modes,  conversions  continue  in  a  round-robin  fashion  and  the  result 
registers  continue  to  be  updated  with  current  data  even  though  the  CCF 
bit  remains  set. 

Note:  The  user  must  write  to  register  ADCTL  to  initiate  conversion. 

Bit  6  Not  implonented.  Reads  as  zero. 

Bit  5  SCAN  Continuous  Scan  Control.  When  this  control  bit  is  cleared,  the 
four  requested  conversions  are  performed  once  to  fill  the  four  result 
registers.  When  this  control  bit  is  set,  conversions  continue  in  a 
round«robin  fashion  with  the  result  registers  being  updated  as  data  be¬ 
comes  available. 

Bit  4  MULT  Multi-Channel/Single  Channel  Control.  When  this  bit  is  cleared, 
the  A/D  system  is  configured  to  perform  four  consecutive  conversions  on 
the  single  channel  specified  by  the  four  channel  select  bits  CD  through 
CA  (bits  3-0  of  ADCTL) .  When  this  bit  is  set,  the  A/D  system  is  con¬ 
figured  to  perform  a  conversion  on  each  of  four  channels  where  each 
result  register  corresponds  to  one  channel. 

Bit  3-0  CD  CC  CB  CA  Channel  Select  D,  Channel  Select  C,  Channel  Select  B, 
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Cnannel  Sej.oct  A.  Bits  2  throuqh  are  used  to  select  one  of  A/1 
channels.  When  a  multiple  channel  mode  is  selected  (MULT  =  1),  the  two 
least-significant  select  bits  ^CE  and  CA)  have  no  meaning  and  the  CP  and 
CC  bits  specify  which  group  of  four  channels  is  to  be  converted.  The 
signals  selected  by  the  four  channel  select  control  bits  are  showi  in 
the  table  below. 


'l‘ 

1 

1 

— _l 

“  •  "  “ 

1 

1  Result  in  ADRx 

CD  1 

CC  1 

CB  1 

CA 

1 

Channel  Signal 

1  if  MULT=1 

^  1 

0  1 

0  1 

0 

1 

AN0 

1  ADRl 

0  1 

0  1 

0  1 

1 

1 

ANl 

1  ADR  2 

0  1 

0  1 

1  1 

0 

1 

AN2 

1  ADR  3 

0  1 

0  1 

1  1 

1 

1 

AN3 

1  ADR4 

0  1 

1  1 

0  1 

0 

1 

AN4* 

1  ADRl 

0  1 

1  1 

0  1 

1 

1 

AN5* 

1  ADR  2 

0  1 

1  1 

1  1 

0 

1 

AN6* 

1  ADR  3 

0  1 

1  1 

1  1 

1 

I 

AN7* 

1  ADR  4 

1  1 

0  1 

0  i 

0 

1 

RESERVED 

1  ADRl 

1  ( 

0  1 

0  ( 

1 

I 

RESERVED 

1  ADR  2 

1  1 

0  1 

1  1 

0 

1 

RESERVED 

1  ADR  3 

1  1 

0  1 

1  1 

1 

1 

RESERVED 

1  ADR4 

1  1 

1  1 

0  1 

0 

1 

Vrh  Pin 

1  ADRl 

1  1 

1  1 

0  1 

1 

1 

Vrl  Pin 

1  ADR  2 

1  1 

1  1 

1  1 

0 

1 

(Vg„) /2 

1  ADR  3 

1  1 

1  1 

1  1 

1 

1 

RESERVED 

1  ADR  4 

There  are  tvo  variations  of  single-channel  operation.  In  the  first  variation 
(SCAN*0) ,  the  single-selected  channel  is  converted  four  consecutive  times  with 
the  first  result  being  stored  in  the  AER4  register.  After  the  fourth  conver¬ 
sion  is  complete,  all  conversion  activity  is  halted  until  a  new  conversion 
command  is  written  to  the  ADCTL  control  register.  In  the  second  variation 
(SCAN«1) ,  conversions  continue  to  be  performed  on  the  selected  channel  with 
the  fifth  conversion  being  stored  to  the  AERl  register  (overwriting  the  first 
conversion  result) ,  the  sixth  conversion  overwrites  ADR2,  and  so  on 
continuously? 

There  are  two  variations  in  multiple-channel  operation.  In  the  first  varia¬ 
tion  (SCAN»0) ,  the  selected  group  of  four  channels  are  converted,  one  each, 
with  the  first  result  being  stored  in  the  AERl  result  register  and  the  fourth 
result  being  stored  in  the  ADR4  register.  After  the  fourth  conversion  is 
complete,  all  conversion  activity  is  halted  until  a  new  conversion  command  is 
written  to  the  ADCTL  control  register.  In  the  second  variation  fSCAN=l) ,  con¬ 
versions  continue  to  be  performed  on  the  selected  group  of  charnels  with  the 
fifth  conversion  being  stored  in  the  AERl  register  (replacing  the  earlier  con¬ 
version  result  for  the  first  channel  in  the  group) ,  the  sixth  conversion  over¬ 
writes  ACR2,  and  so  on  continuously. 
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The  VD  result  reqisters  are  read-only  registers  used  to  hold  an  8-bit  conver¬ 
sion  result.  Writes  to  these  registers  have  no  effect.  Data  in  tne  A/T) 
result  registers  is  not  valid  unless  the  CCF  flag  bit  in  AITTCL  is  set,  in¬ 
dicating  conversion  complete. 
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The  next  four  locations  at  SB035  through  $B038  are  reserved  and  have  no  func¬ 
tion  currently. 


OPTION  SB039 
COPRST  $B03A 
PPROG  SB03B 
HPRIO  SB03C 
INIT  SB03D 
TESTl  SB03E 
CONFIG  $B03F 


The  Configuration  Options  Register  (OPTION)  is  a  special  purpose  8-bit 
register  that  is  used  (optionally)  during  initialization  to  configure  internal 
system  configuration  options,  with  the  exception  of  bits  7,  and  3  (ADPU, 
CSEL  and  Q^)  which  may  be  read  or  written  at  any  time,  this  register  may  be 
written  to  only  once  after  a  reset  and  thereafter  is  a  read-only  register.  If 
no  write  is  performed  to  this  location  within  64  E-clock  cycles  after  reset, 
then  bits  5,  4,  l  and  0  (IRQ,  DLY,  CRl  and  CR0)  will  become  read-only  to  mini¬ 
mize  the  possibility  of  any  accidental  changes  to  the  system  configuration. 
While  in  special  test  modes,  the  protection  mechanism  on  this  register  is 
overridden  and  all  bits  in  the  OPTION  register  may  be  written. 
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1  CRl  ' 

1  CR0  1 

SB039  OPTION 

Bit  7  ADPU  A/D  Fbwerup.  This  bit  is  cleared  by  reset  and  controls  operation 
of  the  on-chip  analog-to-digital  converter.  When  ADPU  is  clear,  the  A/D 
system  is  powered  down  and  conversion  requests  will  not  return  meaning¬ 
ful  information.  Tb  use  the  A/D  system,  this  bit  should  be  set. 

Bit  6  CSCL  A/D  Clock  Source  Select.  This  bit  is  cleared  by  reset  and  deter¬ 
mines  the  clocking  source  for  the  on-chip  A/D.  When  this  bit  is  zero, 
the  MCU  E  clock  drives  the  A/D  system.  When  CSEL  is  one,  an  on-chip  p-C 
oscillator  is  enabled  and  clocks  the  A/D  system  at  about  1.5  MHz  rate. 
When  running  with  an  E  clock  less  than  1  MHz,  CSEL  must  be  high  to 
program  or  erase  the  EEPRCM. 

Bit  5  IR^  IRC  Edge/Level  Sensitive.  This  read/write  bit  is  cleared  at 

reset.  When  it  is  clear,  the  IRQ  pin  is  configured  for  level  sensitive 

wired-OR  operation  (low  level)  and  when  it  is  set,  the  IRQ  is  configure 
for  edge-only  sensitivity  (falling  edges)  on  the  IRQ  pin. 

Bit  4  DLY  STOP  Exit  Ibrn-On  Delay.  This  bit  may  only  be  written  under  spe¬ 
cial  circumstances  as  described  above.  This  bit  is  set  to  one  during 

reset  and  controls  v*iether  or  not  a  relatively  long  turn-on  delay  will 
be  imposed  before  processing  can  resime  after  a  STOP  period.  If  an  ex¬ 
ternal  clock  source  is  supplied,  this  delay  can  be  inhibited  so  that 
processing  can  resume  within  a  few  cycles  of  a  wske  up  from  STOP  mode. 
When  DLY  is  a  one,  delay  is  imposed  to  allow  oscillator  stabilization 
and  when  DLY  is  a  zero,  this  delay  is  bypassed. 

Bit  ?  CUE  Clock  Monitor  Enable.  This  control  bit  may  be  read  or  written  at 
any  time.  It  controls  whether  or  not  the  monitor  circuit  will  trigger  a 
reset  sequence  v»hen  a  slow  or  absent  system  clock  is  detected.  ’Vhen  it 
is  clear,  the  clock  monitor  circuit  is  disabled.  When  it  is  set,  the 
clock  monitor  circuit  is  enabled.  Systems  operating  at  or  below  200  KHz 
should  not  .use  the  clock  monitor  function.  Reset  clears  the  Q^E  bit. 

Bit  2  Not  in^lemented  and  reads  as  a  logic  zero. 

Bit  1-0  CRl-CRf  COP  Timer  Rate  Selects. 
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Une  clock  monitor  function  is  enabled  by  the  CME  control  bit  in  the  OPTION 
register.  When  CME  is  2ero,  the  function  is  disabled  and  when  OlE  is  one,  the 
clock  monitor  function  detects  the  absence  of  an  E  clock  for  more  than  a  cer¬ 
tain  period  of  time.  The  timeout  period  is  dependent  on  processing  parameters 
and  will  be  between  5  and  100  microseconds.  This  means  that  an  E  clock  rate 
of  200  KH2  or  more  will  never  cause  a  clock  monitor  failure  and  an  E  clock 
rate  of  10  KH2  or  less  will  definitely  cause  a  clock  monitor  failure.  This 
implies  that  systems  operating  near  or  below  an  E  clock  rate  of  200  KH2  should 
not  use  the  clock  monitor  function. 

Upon  detection  of  a  slow  or  absent  clock,  the  clock  monitor  circuit  (if 
enabled  by  CME=1)  will  cause  a  system  reset  to  be  generated.  This  reset  is 
issued  to  the  external  system  via  the  bidirectional  RESET  pin. 

Special  considerations  are  needed  when  using  a  STOP  function  and  clock  monitor' 
in  the  same  system.  Since  the  STOP  function  causes  the  clocks  to  be  halted, 
the  clock  monitor  function  will  generate  a  reset  sequence  if  it  is  enabled  at 
the  time  the  STOP  mode  is  entered. 

The  68HC11  includes  512  bytes  of  EEEROI  located  in  the  area  SB600  through 
SBTFF  which  has  the  same  read  cycle  time  as  the  internal  RCM.  PFTIOG  Register 
(EEFRCM  Programming  Oantrol)  register  is  used  to  control  programming  and 
erasure  of  the  512HDyte  internal  EEFRCM.  Beset  clears  this  register  to  S00  so 
EEPRO!  is  configured  so  EEFRCM  is  configured  for  normal  reads. 


B7  -  B6  B5  B4  B3  B2  B1  B0 

; - I - I - I - I - I - I - I - I 

I  ODD  I  EVEN  I  -  I  BYTE  I  ROW  I  ERASE  I EELAT I EEPGM |  $B03B  PPROG 


Bit  7  OCD  Odd  Rows.  Used  to  Program  Odd  Rows  (TEST) 
Bit  6  EVEN  Even  Rows.  Used  to  Program  Even  Rows  (TEST) 
Bit  5  -  Not  Implemented 
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Bit  <2  BYTE  Byte  Erase.  Used  for  Erasing  Bytes  -  Overrides  Bit  ? 

=  Rovif  or  Bulk  Erase 
1  =  Erase  Criiy  One  Byte 

Bit  3  ROW  Row  Erase.  Used  for  Row  Erasing 
I?  =  Bulk  Erase 
1  =  Row  Erase 

Bit  2  ERASE  Erase.  Enables  the  Erase 
0  =  Normal  Read  or  Program 
1  =  Erase  Mode 

Bit  1  EELAT  EEFROi  Latch  Control. 

0=EEWCM  Address  and  Data  configured  for  Read 
l=EEFRO!  Mdress  and  Data  configured  for  Programming 

Bit  0  EEPGM  EEPRCM  Program  Gonmand. 

0  =  Switched  Off 

1  =  Turned  Ch  i 

Die  operating  inodes  for  the  512->byte  EEHtCM  are  as  folloves: 

Momial  Read  -  In  this  mode,  the  ERASE  bit  in  the  PFROG  register  must  be 
clear  (not  in  programming  mode) .  While  these  two  bits  are 
cleared,  the  ROW  and  EEPGM  bits  in  the  OPTION  register  have  no 
meaning  or  effect,  and  the  512-byte  EEFROl  may  be  read  as  if  it 
were  a  normal  ROM. 

Progranniing  -  During  EEPROM  programming,  the  ROW  bit  is  net 
used.  If  the  E  clock  frequency  is  less  than  1  MHz  the  CSEL  bit  in 
the  OPTION  register  must  be  set. 

ibcinal  sequence  of  events  in  prograeming  the  EEFROl: 

1)  Write  xxxx  x010  to  the  PPROG  register.  This  specifies  program 
normal  mode  (ERASE  bit=0) ,  address/data  buses  configured  to  latch 
address  and  data  information  (EELAT  bit*l),  and  erase  voltage 
turned  off  (EEPGM  bit*0) . 

2)  Write  data  to  be  programned  to  the  desired  EEPRCM  address.  This 
write  causes  the  address  and  data  to  be  latched  in  a  parallel  in¬ 
ternal  latch. 

3)  V/rite  EEPGM  bit  to  one  (xxxx  x011).  This  couples  the  EEPROM 
programming  supply  voltage  to  the  EEPROM  array,  to  program  the 
specified  data  into  the  specified  data  address  in  EEPRCM. 

4)  Delay  for  10  milliseconds. 

5)  Write  xxxx  x010  to  the  PPROG  register  to  turn  off  the  programming 
voltage. 
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Repeat  steps  2  through  5  until  all  desired  locations  have  been 
progranmed. 

7)  Write  EEIAT  bit  back  to  zero  to  allow  the  programmed  data  to  be 
verified. 

Erase  -  If  the  E  clock  frequency  is  less  than  1  MHz,  the  CSEL  bit  in  the 
OPTION  register  must  be  set  when  erasing  the  EEFRC3M. 

Three  erase  nodes  of  EEmCM: 

1)  full  512-byte  simultaneous  "bulk"  erase 

2)  "row"  erase  where  only  one  row  (Ifi  bytes)  is  erased  at  a  time 
and 

3)  "byte"  erase  vhere  a  single  specified  byte  is  erased. 

NOTE 

The  erased  state  of  all  cell  is  logic  one.  Ch  early  parts,  byte 

and  row  erase  are  not  implemented. 

Nonal  procedures  for  erasure  of  the  entire  EEPRGM: 

1)  Write  xxxx  011i3  to  the  PPROG  register.  This  specifies  the  "all" 
erase  mode  (ROW  bit=0) ,  erase  mode  (ERASE  bit*l) ,  EEPROM  con¬ 
figured  for  address/data  latching  (EELAT  bit»l) ,  and  erase  volt¬ 
age  turned  off  (EEPGM  bit«0). 

la)  A  write  must  be  done  to  any  EEPRCM  address  after  Step  1. 

lb)  Optionally,  if  the  CONFIG  register  is  also  to  be  erased,  a 
write  to  the  address  of  the  CONFIG  register  must  be  per¬ 
formed  after  "bulk"  erase  was  specified  by  the  write,  in 
step  1  above,  and  before  progranming  voltage  is  turned  on  in 
step  2  below. 

In  the  case  of  erasure,  the  data  involved  in  this  write  operation 
is  unimportant  and  the  write  is  needed  only  for  the  addressing  in¬ 
formation  it  provides. 

2)  -Write  xxxx  0111  to  the  PPRX  register  to  turn  on  the  the  erase 

voltage  to  the  EEPROM  array. 

3)  Wait  for  10  milliseconds  to  allow  the  erasure  to  complete. 

4)  Write  xxxx  0110  to  the  PPRCX3  register  to  turn  off  the  erase 
voltage. 

5)  Write  xxxx  0000  to  the  PPR(DG  register  to  return  the  EEFRCW  to  the 
normal  read  configuration. 

Noraal  procedure  for  erasure  of  a  row  of  EEFIKK: 
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1)  Write  xxxx  111^  to  the  PPROG  register.  This  specifies  the  "row" 
erase  mode  fRO/N^  hit=l)  ,  erase  mode  /ERASE  hit=l',  address/data 
buses  configured  to  latch  row  address  information  fEELAT  bit  =1), 
and  erase  voltage  turned  of  (EEPa*^=(3'  . 

2)  Write  to  an  address  in  the  EEFRCW  row  to  be  erased  (each  row  is  lA 
bytes) .  This  latches  the  row  addressing  information  for  the  row 
to  be  erased. 

3)  Write  xxxx  1111  to  the  PPRCX3  register  to  turn  on  the  erase  volt¬ 
age  to  the  EEPRCM  array. 

4)  Wait  for  12  milliseconds  to  allow  the  erasure  to  complete. 

5)  Write  xxxx  1112  to  the  PPROG  register  to  turn  off  the  erase 
voltage. 

6)  Write  xxxx  0220  to  the  PPROG  register  to  return  the  EEFROi  to  t|rie 
normal  read  configuration. 

Nonial  procedure  for  erasure  of  a  single  byte  of  EEFRCM: 

1)  Write  xxxl  xll2  to  the  PPROG  register.  This  specifies  the  byte 
erase  mode  (BYTE=1;  RCW*x) ,  erase  mode  (ERASE  bit=l) ,  address/data 
buses  configured  to  latch  address  information  (EELAT  bit=l),  and 
erase  voltage  turned  off  (EEPGW  bit=2) . 

2)  Write  to  the  address  in  the  EEFROl  to  be  erased  (data  is  ignored)  . 
This  latches  the  address  of  the  byte  to  be  erased. 

3)  Write  xxxl  xlll  to  the  PPROG  register.  This  turns  on  the  erase 
voltage  to  the  EEWOM  array.  EEPGw  was  not  changed  to  one  in  the 
same  write  operation  as  the  write  that  configured  ROW,  ERASE,  and 
EELAT  because  of  the  possibility  of  enabling  the  erase  voltage 
before  the  erase  mode  specification  was  stable. 

4)  Wait  for  10  milliseconds  to  allow  the  erasure  to  complete. 

5)  Write  xxxl  xll0  to  the  PPROG  register  to  turn  off  the  erasure 
vol tage . 

6)  Write  xxx  0022  to  the  PPR(DG  register  to  return  the  EEreo^  to  the 
normal  read  configuration. 


The  COPRST  Register  is  used  to  reset  the  watch  dog  timer.  'Oie  sequence 
required  to  accomplish  this  is: 

1)  write  $55  to  the  CORPST  register  at  SB03A,  followed  by 

2)  write  $AA  to  the  same  address. 


Both  writes  must  occur  in  correct  order  prior  to  timeout  but,  any  ninber  of 
instructions  may  be  executed  between  the  writes.  The  elapsed  time  between  ad¬ 
jacent  software  reset  sequences  must  never  be  greater  than  the  COP  timeout 
period . 

B7  B6  B5  B4  B3  B2  B1 


IBit  7|Bit  6|Bit  5|Bit  4|Bit  3IEit  2|Bit  lIBit  01  $B03A  COPRST 


The  HPRIO  register  is  used  to  select  one  of  the  I  bit  related  interrupt 
sources  to  be  elevated  to  the  highest  I  bit  masked  position  in  the  priority 
resolution  circuit.  In  addition,  four  miscellaneous  system  control  bits  are 
included  in  this  register. 

B7  B6  B5  B4  B3  B2  B1  B0 


IRBOOTI  SMODI  MDA  |  IRV  ) PSEL3 I PSEL2 I PSELl ) PSEL0 I  $B03C  HPRIO 


Bit  7  RBOOT  Read  Bootsrap  ROM.  The  read  bootstrap  ROM  bit  only  has  meaning 
when  the  SMOD  bit  is  a  logic  one  (special  bootstrap  mode  or  special  test 
mode).  At  all  times,  this  bit  reverts  to  its  logic  zero  disabled  state 
and  may  not  be  written. 

When  set,  upon  reset  in  bootstrap  mode  only,  the  small  bootstrap  loader 
progreKi  is  enabled.  When  clear,  by  reset  in  the  other  three  modes,  this 
ROM  is  disabled  and  accesses  to  this  area  are  treated  as  external 
accesses . 

Bit  6  SHOD  Special  Mode.  The  special  mode  write-only  bit  reflects  the  status 
of  the  MODB  input  pin  at  the  rising  edge  of  reset.  It  is  set  if  the 
MODE  pin  is  at  or  a^ve  1.8  times  volts  during  reset.  Otherwise,  it 
is  cleared  or  under  software  control  from  the  special  modes. 

Bit  5  MDA  Mode  Select  A.  The  mode  select  A  bit  reflects  the  status  of  the 
MODA  input  pin  at  the  rising  edge  of  reset.  While  the  310D  bit  is  a 
logic  one  (spwial  test  or  special  bootstrap  mode  in  effect) ,  the  MDA 
bit  may  be  written,  thus,  changing  the  operating  mode  of  the  MCU.  When 
the  SMCD  bit  is  a  logic  zero,  the  MCX)A  bit  is  a  read-only  bit  and  the 
operating  mode  cannot  be  changed  without  going  through  a  reset  sequence. 

The  table  below  summarizes  the  relationship  between  the  SMOD  and  MDA 
bits  and  the  MODB  and  MODA  input  pins  at  the  rising  edge  of  reset. 
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t  imes 
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Bit  4  IRV  Internal  Read  Visibility.  The  internal  read  visibility  bit  is  us^ 
in  the  special  modes  (^0D*1)  to  affect  visibility  of  internal  reads  dn 
the  expansion  data  bus.  IRV  is  writable  only  if  &1CI>1  and  returns  to 
zero  if  SMOD=0.  If  the  bit  is  zero,  visibility  of  internal  reads  are 
blocked.  If  the  bit  is  one,  internal  reads  are  visible  on  the  external 
bus. 

Bit  ?-0  PSEL3,  PSEL2,  PSELl,  PSEL0  Priority  Selects  3-0.  These  four  select 
bits  are  used  to  specify  one  I  bit  related  interrupt  source  which  be¬ 
comes  the  highest  priority  I  bit  related  source. 
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finer  Dnpi^  Capture  1 
Tiner  Ir^  ajtire  2 
finer  :bifut  Capture  3 
finer  Output  dnpare  ] 


finer  Output  Gtepare  2 
finer  Output  Cbifere  3 
finer  Outpjt  Gtniare  4 
finer  Outtxt  OtTnisre  5 


Note;  IXiring  reset,  PSEL3,  PSEL2,  PSELl  and  PSEL0  are  initialized  to  0:1: 0:1 
which  corre^nds  to  "Reserved  (default  to  IRQ)"  being  the  highest 
priority  I  bit  related  interrupt  source. 


Interrupts  in  the  68HC11  obey  a  fixed  hardware  priority  circuit  to  resolve 
simultaneous  requests;  however,  one  I  bit  related  interrupt  source  may  be 
elevated  to  the  highest  I  bit  priority  position  in  the  resolution  circuit. 
TTie  first  six  interrupt  sources  are  not  masked  by  the  I  bit  in  the  condition 
code  register  and  have  the  fixed  priority  interrupt  relationship  of:  reset, 
clock  monitor  fail,  COP  fail,  illegal  opcode  and  XIRQ.  (SWI  is  actually  an  in¬ 
struction  and  has  highest  priority  other  than  reset  in  the  sense  that  once  the 
SWI  opcode  is  fetched  no  other  interrupt  can  be  honored  until  the  SWI  vector 
has  been  fetched) .  Each  of  these  sources  is  an  input  to  the  priority  resolu¬ 
tion  circuit.  The  highest  I  bit  masked  priority  input  to  the  resolution  cir¬ 
cuit  is  assigned  inder  software  control  (of  the  HFRIO  register)  to  be  con¬ 
nected  to  any  one- of  the  remaining  I  bit  related  interrupt  sources.  In  order 
to  avoid  timing  races,  the  HFRIO  register  may  only  be  written  while  the  I  bit 
related  interrupts  are  inhibited  (I  bit  in  condition  code  register  is  a  logic 
one) .  An  interrupt  that  is  assigned  to  this  high  priority  position  is  still 
subject  to  masking  by  any  associated  control  bits  or  the  I  bit  in  the  condi¬ 
tion  code  register.  The  interrupt  vector  address  is  not  affected  by  assign¬ 
ing  a  source  to  this  higher  priority  position. 


The  INIT  Register  is  special  purpose  8-bit  register  is  used  (optionally) 
during  initialization  to  change  the  default  locations  of  RAf<  and  internal 
registers  in  the  MCU  memory  map.  It  may  be  written  to  only  once  within  the 
initial  64  E  cycles  after  a  reset  and  thereafter  becomes  a  read-only  register. 
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67  Bfi  P?  BA  S3  B2  BJ 

I - I - I - I - 1 - I - I - I - I 

I  PAN’S!  RAV2I  PANil!  RAM?!  REG3'  REG2i  REG]  I  REC?I  SB?3D  INIT 


The  default  starting  address  for  internal  RAM  is  S00?0  and  tne 
default  starting  address  of  the  f>A  byte  internal  register  space 
is  $1000  (the  INIT  register  is  initialized  to  $01  by  reset).  The 
upper  four  bits  of  the  INIT  register  specify  the  starting  address 
for  the  internal  25A  byte  RAM  and  the  lower  four  bits  of  INIT 
specify  the  starting  address  for  the  64  byte  internal  register 
space.  The  four  bits  reflect  the  upper  nibble  of  the  16-bit 
address.  The  Max-FORTH  operating  system  moves  the  registers  to 
$B000  at  reset  for  all  versions  with  Revision  2  ($9000  for  Rev  0 
-  1)  . 

Since  the  TESTl  Register  at  $B03E  is  only  available  in  the  tesf 
mode,  it  is  not  included  in  this  section,  * 

The  68HC11  allows  an  end  user  to  configure  the  MCU  system  to  his 
specific  requirements  through  the  use  of  hardwired  options  suer, 
as  the  mode  select  pins,  semi-permanent  EEPROM  control  bit 
specification.  The  CONFIG  control  register  is  implemented  in 
EEPROM  cells  and  controls  the  presence  of  ROM  and  EEPROM  in  tne 
memory  map,  as  well  as  the  COPON  COP  watchdog  system  enable.  An 
optional  security  feature  is  available  to  allow  user  protection 
of  data  in  58HC11  EEPROM  and  RAM. 

B7  B6  B5  B4  B3  B2  Bl  B0 


-  I  -  INOSECINOCOPIROMONI  EEONI  $B03F  CONFIG 


Bit  7-4  Not  implemented.  Read  as  logic  zero. 

Bit  3  NOSBC  Security  Mode  Option.  When  the  security  mask  option  is 
specified,  this  bit  can  be  used  to  enable  a  software  anti  theft 
mechantan.  When  cleared,  this  bit  forces  the  MDA  mode  control  bit  to 

zero  so  that  only  single-chip  modes  of  operation  can  be  selected.  If 
the  bit  is  cleared  during  MCU  reset  in  the  special  bootstrap  mode, 
EEPRCM  and  RAM  are  erased  before  the  boot  loading  process  continues. 

Bit  2  NOCeV  COP  System  OFF.  When  this  bit  is  clear,  the  COP  watchdog  forced- 
reset  function  is  enabled.  When  this  bit  is  set,  the  COP  watchdog  cir¬ 
cuit  is  disabled. 

Bit  1  RCHGN  Enable  Ch-Chip  RCM  Select.  When  this  bit  is  clear,  the  PK  inter¬ 
nal  ROM  is  disabled  and  that  memory  space  becomes  an  externally  accessed 

space. 

Bit  0  CEON  Enable  Ch-Chip  EEHICW  Select.  When  this  bit  is  clear,  the  51.2- 


r>yte  internal  EEROi  is  disabled  and  that  nenory  space  becomes  an  exter¬ 
nally  accessed  space. 


Since  the  CCNFIG  register  is  implemented  with  EEFROl  cells,  special  provisions 
must  be  made  to  erase  and  program  this  register.  The  normal  EEFROM  control 
bits  in  the  PPRX  register  are  used  for  this  purpose. 
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1.  MOVING  THE  USER  AREA 


The  USER  area  ncrTially  resides  in  memory  from  to  It 
contains  58  word  locations  that  hold  the  variables  describing  how 
Max-FORTH  uses  '.he  rest  of  memory  and  how  it  interfaces  to  the 
outside  world.  When  a  cold  reset  occurs,  the  operating  system 
initializes  the  first  41  words  with  values  needed  to  start  with  a 
cleanly  linked  system. 

There  are  several  reasons  why  it  could  be  advantageous  to  move 
the  USER  area.  One  might  to  be  to  give  the  data  stack  more  room 
in  low  memory.  (Ofcourse  the  dictionary  would  also  have  to  be 
completely  moved  out  in  this  case,  too.)  Another  might  be  to  put 
the  USER  area  into  battery  backed  RAM,  so  the  operator  could 
modify  one  location  (the  UP)  to  recover  the  complete  dictionary 
and  configuration.  As  an  alternative,  the  user  could  create 
several  USER  areas,  and  thereby  have  several  dictionaries  or  con¬ 
figurations  in  memory  at  once,  switching  back  and  forth  by 
manipulating  a  single  variable. 

I 

The  following  example  creates  a  second  user  area  at  50000.  The 
easiest  way  to  create  a  new  USER  area  is  to  copy  the  reset  ini¬ 
tialized  RAM  area  to  the  new  location.  The  new  copy  can  then  be 
edited  to  remove  all  references  to  its  origin.  This  is  done  in 
this  example  by  adding  an  offset  to  the  existing  values  in  the 
USER  area  to  accomodate  its  new  location.  After  the  new  area  is 
initialized,  placing  its  address  in  the  user  area  pointer  (UF. 
completes  the  transfer.  Notice  in  this  example  the  new  user  has 
different  stack  initializtion  values  as  well.  Execution  of  ABORT 
installs  these  new  stack  locations,  and  breaks  the  last  ties  with 
the  original  configuration. 

COLD 


HEX 

0000  C000^  100  (  Move  copy  of  system  RAM  to  new  area  ) 

CMOVE 

C000  C00E  +I  (  Alter  R0  for  return  stack  init  ) 

C000  C010  +!  (  Alter  S0  for  data  stack  init  ) 

C000  C01C~^!  (  Alter  the  location  of  the  TIB  ) 

C000  C022  +!  (  Alter  the  location  of  the  PAD  ) 

C000  C02C  +!  (  Alter  the  dictionary  pointer  ) 

C000  C034  (  Alter  the  vocabulary  link  ) 

C000  C038  +1  (  Alter  the  FORTH  pointer  ) 

C000  C040  •♦•!  (  Alter  the  EDITOR  vocabulary  linkage  ) 

C000  C046  +1  (  Alter  the  ASSEMBLER  "  »  «  -  ) 

C000  C04A  +!  (  Alter  the  FENCE  limit  ) 

C000  C06A  +!  (  Alter  CURRENT  ) 

C000  C06C  +!  (  Alter  CONTEXT  ) 

C006  04  !  (  Alter  the  UP  to  point  to  new  area  ) 

ABORT  (  Install  R0  and  S0  values  ) 


ITArKIMG 


Although  Max-FORTH  does  net  directly  support  m ul t i tas k i nq  ,  multi¬ 
tasking  is  possible.  The  user  may  add  on  a  multitasking  program 
with  relative  ease  since  .'^ax-PORTH  was  written  to  be  totally 
preemptable.  When  Max-FORTH  was  created,  user  variable  were 
reserved  to  specify  each  tasK’s  priority,  record  the  task's  state 
and  allow  for  a  double  linked  list  of  tasks  to  be  created. 

Using  these  variables  and  interrupts,  the  user  can  create  round 
robin  or  priority  mul ti taskers ,  or  combinations  thereof.  Pos¬ 
sibly  the  simplest  structured  multitasker  is  the  round  robin  time 
sliced  scheme.  The  following  example  demonstrates  such  a  system. 
For  simplicity's  sake,  only  one  task  is  open  to  communicate  with 
the  terminal.  (The  other  tasks'  USER  variables,  KEY-BC-PTR  and 
EMIT-BC-PTR,  could  have  been  modified  to  allow  them  to  talk  to 
their  own  terminal.) 

(In  order  to  find  the  value  of  NEXT2  in  your  revision  of  Max- 
FORTH,  tick  the  address  of  COLO  and  DUMP  the  following  If’i^  hex 
bytes.  The  address  of  NEXT2  is  held  in  the  two  bytes  immediately 
following  the  first  7E  op-code  in  the  that  listing,  about  90  ha’x 
bytes  down.) 

COLD 

HEX 

FORGET  TASK 

(  MAKE  NEW  ) 

(  USER  AREA  ) 

(  FOR  TASK  #1  ) 

0000  C000  100 
CMOVE 

C000  C00E  4-1 
C000  C010  -»-! 

C100  C01C  ! 

50  C01E  t 
C160  C022  1 
C180  C02C  ! 

C000  C034  •••! 

C000  C040-^l 
C000  C046 
C000  C06A 
C000  C06C  •«•! 

D00€  C006  I 
C806  C008  ! 

(  MAKE  NEW  ) 

(  USER  AREA  ) 

(  FOR  TASK  f2  ) 

0000  C800  100 


1 


CMOVE 

C800 

C80E 

+  ! 

C800 

C810 

+  ! 

C900 

C81C 

1 

50  C81E  ! 

C960 

C822 

( 

C980 

C82C 

1 

C800 

C834 

+  ! 

C800 

C840 

+  ! 

C800 

C846 

+  ! 

C800 

C86A 

+  ! 

C800 

C86C 

+  ! 

C00€ 

C806 

1 

0006 

C808 

1 

• 

(  MARE  NEW 

) 

(  USER  AREA 

) 

(  FOR  TASK 

13 

) 

0000 

0000 

100 

CMOVE 

0000 

D00E 

+  ! 

0000 

0010 

+  ! 

0100 

D01C 

1 

• 

50  D01E  ! 

0160 

0022 

1 

• 

0180 

00  2C 

i 

• 

0000 

0034 

+  ! 

0000 

0040 

+  ! 

0000 

0046 

+  ! 

0000 

O06A 

+  ! 

0000 

O06C 

+  ! 

C806 

0006 

1 

C006 

0008 

1 

• 

C006 

04  I 

ABORT 

(  Assuaes  three  tasks  and  8K  of  RAM  at  $C000  ) 

(  The  first  task  at  $C000  slowly  counts  up  on  PB  ) 

(  The  second  task  at  $C800  acts  as  a  theraostat:  reads  AN0  output  PA6  ) 
(  The  third  task  at  $0000  runs  the  normal  Max-FORTB  outer  interpreter  ) 
(  the  task  will  also  be  aaster  task,  starting  a  handling  of  others  ) 

(  Begin  with  simple  task  first  ) 

;  TASK  ; 

:  WAIT  1000  0  DO  LOOP  ; 

:  RUN-TASK-1 
0 

BEGIN 
1  + 

DUP 

B004  Cl 
DUP 


2 


C00A  !  (  THIS  LINE  IS  ONLY  TO  LEAVE  A  TRACE  IN  MEN  ) 

WAIT 
AGAIN 


•  RUN-TASK-1  CFA  C002  !  (  SAVE  CFA  TO  RUN  IN  AUTOSTART  POS  FOR  LATER  ) 


(  Switch  to  define  the  second  task  ) 

C806  04  ! 

ABORT 
:  TASK  ; 

VARIABLE  LO-SET-POINT 
VARIABLE  HI-SET-POINT 
VARIABLE  HEATER-STATE 
VARIABLE  TEMP 

:  READ-A/D 

0  B030  C!  (  Start  conversion  for  PE0  ) 

BEGIN  B030  C0  80  AND  UNTIL  (  Wait  for  conversion  complete  ) 
B031  C#  TEMP  ! 


CHK-LO? 

TEMP  C0  LO-SET-POINT  C§  < 


HEATER -ON 
1  HEATER-STATE  ! 
FF  B000  ! 


CHK-HI? 

TEMP  C@  HI-SET-POINT  C®  > 


HEATER-OFF 
0  HEATER-STATE  ! 
BF  B000  ! 


:  RUN-TASK-2 

70  LO-SET-POINT  ! 
74  HI-SET-POINT  ! 


BEGIN 

READ-A/D 

HEATER-STATE  @  C80A 
CHK-LO? 

IF 


HEATER-ON 

THEN 


THIS  LINE  IS  ONLY  TO  LEAVE  A  TRACE  IN  MEM  ) 


3 


CHK-HI? 

IP 

HEATEB-OPF 

THEN 

AGAIN 


'  RUN-TASK-2  CPA  C802  !  (  SAVE  CFA  TO  RUN  IN  AUTOSTART  POS  FOR  LATER  ) 

(  Switch  to  define  the  third  task  ) 

D006  04  ! 

ABORT 
:  TASK  ; 


CODE 

IRQRTN 

86 

c. 

40 

c. 

(  LDAA  «  $40 

CLEAR  THE  INTERRUPT  SOURCE 

) 

B7 

c. 

B025  , 

(  STAA  $B025 

BY  KNOCKING  DOWN  BIT 

TFLG2 

) 

DE 

c. 

02 

c. 

(  LDX  IP 

SAVE  IP  ON  CONTEXT'S 

STACK 

) 

3C 

c, 

(  PSHX 

) 

DE 

c. 

00 

c. 

(  LDX  W 

SAVE  W  ON  CONTEXT'S 

STACK 

) 

3C 

c. 

<  PSHX 

) 

DE 

c. 

04 

c. 

(  LDX  UP 

GET  THIS  TASK  PTR  AT 

$0004 

) 

AF 

c. 

06 

C, 

{  STS  RPSAVE,X 

SAVE  OLD  CONTEXT  ) 

EE 

c. 

02 

C, 

(  LDX  UPLINK, X 

FIND  NEXT  TASK  ) 

DF 

c. 

04 

c. 

(  STX  UP 

AND  SAVE  POR  NXT  IRQ 

) 

AE 

c. 

06 

C, 

(  LDS  RPSAVE,X 

SWITCH  CONTEXT  ) 

38 

c. 

(  PULX 

) 

DP 

C, 

00 

C, 

(  STX  W 

RECOVER  W  CONTEXT'S 

STACK 

) 

38 

C, 

(  PULX 

) 

DP 

C, 

02 

C, 

(  STX  IP 

RECOVER  IP  CONTEXT'S 

STACK 

) 

3B 

C, 

(  RTI  ) 

END-CODE 


CODE-SUB  CLEAR-CC-MASKS 
86  C,  0f  C,  (  LOAA  «  0  ) 

06  C,  (  TAP  ) 

39  C,  (  RTS  ) 

END-CODE 

:  ENABLE-MULTITASKING 

(  INSTALL  THE  REAL-TIME-INTERRUPT  JUMP  TABLE  ENTRY  ) 

7E  B7E6  EEC!  (  JMP  OP-CODE  ) 

(  •  IRQRTN  §  X  PP  AND  ]  LITERAL  B7E7  EEC!  {  HI  BYTE  ) 
I  *  IRQRTN  §  PF  AND  1  LITERAL  B7E8  EEC!  (  LO  BYTE  ) 


(  CREATE  CONTEXTS  POR  THE  OTHER  TASKS  ON 
(  TASK  1  START  UP  CONTEXT  ) 

PE 54  C0FE  !  {  PROGRAM  COUNTER  «  NEXT2 

(  Y  REGISTER  «  XXXX  ) 

(  X  REGISTER  »  CFA  TO  RUN 
(  B&A  REGISTERS  } 

(  CC  REGISTER  ) 


C010  §  C0PC  ! 
C002  @  C0PA  ! 
0000  C0F8  I 
00  C0P7  Cl 


THEIR  STACKS  ) 
) 

) 


4 


0000 

C0F5 

1 

{ 

TP  ) 

0000 

C0F3 

1 

( 

W  ) 

C0F2 

C00C 

1 

{ 

RPSAVE  ) 

(  TASK 

2  START 

UP  CONTEXT  ) 

FE54 

C8FE 

t 

( 

PROGRAM  COUNTER  =  NEXT2 

) 

C810 

§ 

C8FC 

1 

( 

Y  REGISTER  =  XXXX  ) 

C802 

P 

C8FA 

1 

( 

X  REGISTER  =  CFA  TO  RUN 

) 

0000 

C8F8 

I 

( 

B&A  REGISTERS  ) 

00 

C8F7 

C! 

( 

CC  REGISTER  ) 

0000 

C8F5 

1 

( 

IP  ) 

0000 

C8F3 

1 

( 

w  ) 

C8F2 

C80C 

1 

( 

RPSAVE  ) 

{  ENABLE  THE  HARDWARE  TO  GIVE  REAL  TIME  IRQ’S  ) 
40  B024  C!  (  RTII  SET  ) 

CLEAR-CC -MASKS 


TASKl?  BEGIN  C00A  #  U.  7TERMINAL  UNTIL  ; 
TASK2?  BEGIN  C80A  0  U.  7TERMINAL  UNTIL  ; 
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PREPARING  A  PRCCRAY  FCR  PROM 

The  defining  word  VARIABLE  works  fine  if  your  application  is  run 


in  RAM,  but  when  the  program  is  moved  to  ROM  the  variable  space 
allotted  by  VARIABLE  becomes  "frozen"  in  read  only  memory.  The 
value  of  the  variables  can  never  be  altered  and  the  program  will 
fail.  An  alternative  to  using  VARIABLE  is  shown  below. 

HEX 

VARIABLE  RA«_POINTER  (  DEFINE  A  PIECE  OP  RAM  TO  HOLD  ) 

(  A  POINTER  TO  NEXT  FREE  BYTE  OF  RAM  ) 

HWORD  (  MOVE  IT  TO  HEADS  IF  SEPBRATE  FROM  CODE) 

:  IS  CONSTANT  ;  (  RENAME  CONSTANT  FOR  EASY  READING  ) 

HWORD  (  MOVE  IT  TO  HEADS  IF  SEPERATE  PROM  CODE) 

200  RAM_POINTER  !  (  IN  A  BUFFER  STARTING  AT  200  ) 

:  RAM  (  n  -  addr  ) 

RAM  POINTER  %  (  GET  THE  FREE  RAM  POINTER  ) 

SWAP  (  BRING  THE  <  OP  BYTES  TO  ALLOT  UP  ) 

RAM_POINTER  +!  (  ADD  THAT  #  TO  POINTER  IE;  ALLOT  RAM  ) 

;  (  RETURN  ADDRESS  OF  ALLOTTED  RAM  ) 


Examples  of  how  to  use  RAM: 

2  RAM  IS  VARIABLEl 
2  RAM  IS  VARIABLE2 
4  RAM  IS  DVARIABLE 
0  RAM  IS  SHOW-TABLE 
2  RAM  IS  PARAMETERl 
2  RAM  IS  PARAMETER2 
2  RAM  IS  PARAMETER3 
2  RAM  IS  PARAMETER4 
0  RAM  IS  SHOW-END 

VARIABLEl  §  VARIABLE2  @  *  PARAMETERl  ! 

DVARIABLE  0  DVARIABLE  2-*-  0  VARIABLEl  0  U/ 

PARAMETERS  1  PARAMETER  4  ! 

:  INITI  SHOW-TABLE  SHOW-END  OVER  -  ERASE  ;  (  CLEARS  PARAMETERl-4 ) 
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E3QCR  MESSACZS 


Stnlard  Error  Iteasage 

?  (Question  nark)  is  the  standard  error  tnessage  in  Max-TCFTH.  An  error  exists  v/ien  htex-FCPTH  responds 
with  a  ?  prefixed  vdth  one  of  tne  following: 

-  the  most  recently  entered  word  which  is  not  part  of  the  Max-FCFTH  dictionary 

cr 

-  the  most  recently  entered  nurber  which  is  not  valid  under  the  current  EASE. 

Exaa^ie:  Enter  WRONG  .  WPCKi  is  not  a  part  of  the  Max-FCFTH  dictionary,  therefore,  Max-FCFTH  well 

respond  with  WRONG  ?  . 

Enter  HEX  .  Max-FCFTH  -111  respond  whth  CK  ,  TYPE  1CH  .  ^tex-FCFTH  wall  respond  wrLth  ? 
since  1(H  is  not  a  valic  hexadecinal  nurber. 


SDUfXRD  BfaCB  fCSSftZ  ROUTHC 

Max-FCFTH  has  a  standard  routine  for  nandling  errors  depending  on  the  value  of  the  user  variable  WARNING 
which  is  not  naned  in  the  dictionary: 

WARNING  value  Max-FDRTO  action 

less  thafrrr  -executes  the  word  XBUKl 

0  prirt.7  an  error  message  nunber  n 

greater  than  0  assunes  cnat  a  disk  (RAhttsk)  is  in  use 


E3BOB  ICSSMZ  IIFIXmCMS 

Vhen  Hax-FCRTH  detects  an  error  oond  iion,  it  may  respond  wdth  an  error  message  which  corresponds  to  an 
error  message  nunber  showai  in  the  Tab.e  belohi.  Max-FOnTH  clears  the  stacks  aiu  executes  QUIT  as  its  last 
actions  when  an  error  is  processed,  axoept  for  the  message,  KTT  IMIQUE  ,  which  has  no  effect  on  stacks 
allowing  Max-FORIH  to  continue  execution  normally. 


Mat-fOnH  EJgCR  ICSSKES 

Nunber 

Message 

Deflr.ition 

Recovery  Action 

0 

Echoed  word  was  the  most  recently 
interpreted.  The  word  is  not  in  the 
dictionary  or  is  not  a  valid  nunber. 

Check  the  word’s  name  for  spelling 
error  or  define  the  named  word. 

Check  if  the  nunber  is  valid 
mder  the  cirrent  BASE  or  change  BASE 

1 

STACK  ElffTY 

Parameter  stack  is  enpty. 

Pjt  more  nunbers  into  the  stack  or 
quit  pvilllng  out  nunber  from  the 
snpty  stack. 

2 

DICnONARY 

FULL 

Dictionary  space  is  used  vs. 

FIRST  HERE  is  loss  than  $Ao 

Increase  dictionary  space  by  moving 
FIRST  or  by  FCRGETlr®  disposaoie  word 
entries. 

3 

— 

Not  assigned 

— 

4 

NOT  UNIQUE 

The  <nBnie>  of  zne  word  just  defined 
.  already  exist  .n  the  dictionary. 

^to(-FCFra  uses  the  latest  definition 
of  <nane>.  Rerdnder:  previous 
definition  is  still  in  the  systan  and 
is  acoessible  by  FGRCETing  the  recent 
<nane>. 

5-6 

— 

Not  assigned 

— 

7 

FULL  STACK 

The  parameter  stack  is  f\jQl. 

The  maxinun  slack  entry  is  39. 

CROP  or  output  sene  stack  Itm. 

&-16 

— 

Not  assigned. 

— 
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CCMPILATION 

0^LY 

The  word  just  interpreted  must  be  used 
inside  of  a  definition. 

Ib  not  use  the  word  for  interpreting. 

18 

ggun™ 

The  word  jvat  interpreted  must  be  used 
outside  of  a  definition. 

Eb  not  use  the  word  in  defining. 

19 

CONDmONALS 
NOT  PAIRED 

Qnitted  words  or  inoorreet  nestihg  of 
conditionals 

Cwrect  or  add  the  conditional  Ir. 

20 

EErINmON 
NOT  FINISreU 

Definition  is  not  finished  or 
delimiter  is  missing. 

Finish  the  definiton  or  add  delimiter. 

21  IN  PRCIi'mC  The  word  in  question  is  below  the  FENCE  . 
DICTIONARi; 

22  USE  ONLY  VftO  Incorrect  use  of  the  word  — >  . 

LQftDINC 

23  NO  NAME  Attonpt  to  create  definition  with 

0  len^  nane. 


Qjit  trying  to  PCP.GET  a  p-otected  vor 
or  move  FENCE  . 

tbe  — >  only  vi'.en  loading. 

Use  appropriate  nane. 
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Getting  Started 


The  "100  Squared"TM,  when  purchased  in  development  configuration, 
is  complete  and  ready  to  run.  To  operate  the  system,  plug  in  the 
wall  transformer  and  connect  a  terminal  to  the  serial  RS-232 
DB25F  connector.  Most  terminals  should  plug  in  directly,  with  a 
straight  through  cable  (ie:  pin  1  to  pin  1,  2  to  2,  3  to  3, 
etc.) .  The"100  Squared"TM  uses  only  lines  2  and  3  for  serial  in 
and  serial  out  respectively,  and  pins  1  and  7  for  ground.  Many 
terminals  require  additional  handshaking  signals  to  work,  so  pins 
4  and  5  are  hooked  together  on  the  DB25F  connector,  as  are  pins  6 
and  20.  In  this  way  the  terminals  that  require  the  additional 
handshake  signal  have  their  own  "  clear  to  send"  /  "ready  to 
send"  and  "data  terminal  ready"  /  "data  set  ready"  signals 
wrapped  back  around,  indicating  "always  ready". 

In  order  to  talk  to  the  "100  Squared"TM  the  terminal  must  have 
the  correct  bit  settings.  The  baud  rate  should  be  set  at  9600 
baud  for  2  Mhz  systems  (8  Mhz  crystal),  4800  for  1  Mhz  systems  (4 
Mhz  crystal) .  The  "100  Squared"^  sends  and  receives  a  bit 
protocol  of  one  start  bit,  eight  data  bits  and  one  stop  bits. 

I  S  I  0  I  1  I  2  I  3  I  4  I  5  I  6  I  7  I  S  I 

+ - + - + - + - + - + - +— + - +— + 

VJhen  the  terminal  is  set  correctly,  every  time  you  depress  and 
release  the  red  reset  button  the  "100  Squared"'IM  should  respond 
with: 

Max-FORTH  Vx.x 

Seeing  that  message  means  the  terminal,  can  see  the  "100 
Squared"TM.  Press  "return"  on  your  terminal  several  times.  If 
the  "100  Squared"TM  responds  with  "OK"  each  time,  communications 
are  established. 

Now  you  will  want  to  see  the  system  do  something.  Type  WORDS 
followed  by  a  return.  This  will  cause  the  systan  to  list  its  en¬ 
tire  vocabulary,  some  200+  words.  The  listing  can  be  stopped  at 
any  time  by  pressing  a  key,  like  the  space  bar. 

When  the  F68HC11  powers  up,  it  assumes  nothing  else  on  the  board 
is  working,  so  it  defaults  to  its  own  internal  RAM.  As  a  result 
there  is  a  limited  terminal  input  buffer  area  (16  characters)  and 
dictionary  space.  The  "100  Squared"TM  provides  external  memory 
expansion.  You  now  need  to  tell  the  system  to  move  its  terminal 
input  buffer  and  dictionary  to  external  memory.  If  the  RAM  is 
installed  at  0100- IFFF  (factory  default  for  single  8K  RAM)  the 
following  will  accomplish  that. 
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Enter  : 


HEX 

100  TIB  ! 

50  TIB  2+  ! 

200  DP  1 

Now  try  a  simple  program  to  exercise  some  of  these  words. 

:  TYPE-LETTERS  5B  41  DO  I  EMIT  LOOP  ; 

TYPE-LETTERS 

to  which  the  machine  will  respond: 

:  TYPE-LETTERS  5B  41  DO  I  EMIT  LOOP  ;  OK 
TYPE-LETTERS  ABCDEFGH IJKLMNOPQRSTUVWXYZOK 

Now  have  a  look  at  memory  with  the  DUMP  command.  Type: 

0000  80  DUMP 

and  examine  the  results  (remember  we  put  the  machine  in  HEX) . 

Try  another  WORDS  and  observe  the  first  word  displayed.  It  has 
become  the  word  TYPE-LETTERS  entered  above. 

Your  "100  Squared"TM  is  now  running  and  communicating  as  it 
should.  Its  time  to  begin  your  design  project  by  learning  more 
about  how  to  use  the  "100  Squared"TM. 

The  "100  Squared"TM,  when  purchased  in  the  generic  target  con¬ 
figuration,  is  a  minimum,  5  Volt  only,  configuration.  The 
F68HC11,  Xtal,  reset  circuit,  various  HC  "glue"  components  and 
three  28  pin  JEDEC  sockets.  Typically,  a  program  developed  in 
the  "development  configured"  board  will  be  installed  in  the 
"generic  target  configured"  board  for  production  of  a  dedicated 
application.  The  user  must  install  the  appropriate  jumpers, 
which  are  not  provided  in  the  target  configuration. 

All  configurations  of  the  F68HC11  based  "100  Squared"TM  boards 
use  the  same  base  PC  board.  This  includes  the  NMIX-0021,  the 
NMIX-0022,  the  NMIT-0021  and  the  NMIT-0022.  Configuration  dif¬ 
ferences  refer  to  the  extent  to  which  the  board  is  filled  with 
components . 
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PARALLEL  PORTS 


The  F68HC11  has  five  parallel  ports.  Port  A,  B,  C,  D  and  E.  Al¬ 
though  some  port  lines  have  special  multiplexed  functions,  they 
can  all  be  used  as  inputs  or  as  outputs  according  to  their  in¬ 
dividual  designs.  Some  of  the  port  lines  have  direction 
registers  allowing  them  to  be  used  as  either  inputs  or  outputs. 
Two  ports  of  the  F86HC11  are  sacrificed  to  create  an  64K  address 
and  data  bus.  The  68HC24  simulates  the  replacement  of  those 
ports.  Three  ports  of  the  F68HC11  and  two  replacement  ports  of 
the  68HC24  are  brought  out  to  connector  J2.  Power  and  ground  are 
also  available  on  J2. 

"100  SQUARED"'m  DOCUMENTATION 
INPUT/OUTPOT  JACKS  J2 

TOP  VIEW 

FRONT  (EDGE)  OF  CARD  v 

-  X  PA7  o  o  PA6  0 
0  PAS  o  o  PA4  0 
0  PA3  o  o  PA2  I 
I  PAl  O  O  PAO  I 

20  pin  header  +5  o  o  +5 

group  GbD  o  o  GND 

0  PB7  o  o  PB6  0 
0  PBS  0  o  PB4  0 
0  PB3  0  o  PB2  0 

-  0  FBI  0  O  PBO  0 

+S  0  o  +S 
GND  o  o  GND 

-  X  PC7  o  o  PC6  X 
X  PCS  0  o  PC4  X 
X  PC3  o  o  PC2  X 
X  PCI  o  o  PCO  X 

+5  o  o  +S 
GND  o  o  GND 
0  PD7  o  o  PD6  I 
X  PDS  O  O  PD4  X 
34  pin  header  X  PD3  o  o  PD2  X 

group  X  PDl  o  o  PDO  X 

+S  o  o  +5 
GND  o  o  GND 
I  PE7  o  o  PE6  I 
I  PE5  o  o  PE4  I 
I  PE3  o  o  PE2  I 
I  PEI  o  o  PEO  I 

+S  o  o  +S 
GND  o  o  GND 

I=INPUT  OOUTPUT  X»EITHER 

F68HC11  "100  SCJUARED"TM  ^WIX-0022  REV  1.0  &  2.x  BOARDS  11/13/87 
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The  lines  can  be  used  as  individual  inputs  or  outputs  or  in  com¬ 
bination.  There  are  very  few  applications,  however,  where  pins 
are  switched  dynamically,  sometimes  used  as  inputs,  sometimes  as 
outputs . 


The  simplest  form  of  input  device  is  a  switch  to  ground,  to 
create  a  low  level  when  the  switch  is  closed,  with  a  pullup  to 
give  a  high  level  when  the  switch  is  open.  This  switch  can  be 
breaker  points,  reed  switch,  the  contacts  of  a  relay,  micros¬ 
witch,  etc.  To  try  an  example  of  this  type  input,  hook  up  a 
simple  push  button  switch  to  Port  A  Line  0  (PAO)  with  a  lOK  ohm 
pull  up  resistor  to  +5. 


The  following  program  will  show  the  current  state  of  the  switch. 
Enter  LCXDK  after  pushing  reset.  (Reset  sets  the  ports  to  all 
"ones".) 


BOOO  CONSTANT  PA 
:  SWITCH  PA  C@  1  AND  ; 

:  CHECK-STATE  IF  ."  OPEN"  ELSE  ."  CLOSED"  THEN  CR  ; 

;  LOOK  SWITCH  BEGIN  SWITCH  2DUP  *  IF  DROP  ELSE  SWAP  0* 
CHECK-STATE  THEN  7TERMINAL  UNTIL  ; 

LOOK 

Whenever  the  switch  changes  state,  open  or  closed,  the  computer 
follows-with  a  written  report. 


Other  possible  input  devices  are  shown  here. 
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RELAY 


TTL  LOGIC 


V 

TRANSISTOR 


COttPARRTOR 


PHOTO  TRANSISTOR 


Note  that  due  to  the  lOK  pull  up  on  the  port,  the  "switch"  must 
sink  .5  ma  to  ground  with  no  more  voltage  rise  than  an  HC  low 
level  (2/lOths  of  Vcc)  at  the  pin.  (A  voltage  of  7/10  Vcc  will 
always  be  recognised  as  a  logical  one.)  Voltages  applied  above 
Vdd  or  below  0  Volts  can  damage  the  computer. 

The  outputs. of  the  F68HC11  and  68HC24  can  sink  1.6  ma  to  ground 
while  letting  the  pin  go  no  higher  than  0.4  Volts  for  a  "zero" 
and  source  about  .8  ma  at  4.5  Volts  for  a  "one".  In  terms  of 
control,  this  is  a  very  small  signal.  Most  relays  require  over 
50  times  more  current  to  operate.  LED's  typically  take  5  ma  to 
be  visible.  HC  levels  are  such  that  the  output  is  sufficient  to 
drive  the  input  on  one  pin  of  one  TTL  device  or  about  a  dozen  of 
the  lower  power  LSTTL  inputs.  The  output  is  sufficient  to  drive 
VMOS  FET's  and  Darlingtons  with  an  external  pull  up  which  can  in 
turn  control  several  amps  of  current.  Usually,  however,  a  buffer 
will  be  needed  to  do  serious  non-FC  interfacing. 


LED 


RELAY  TRANSISTOR  OPTO  ISOLATOR 
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To  test  the  output  capabilities,  wire  one  of  the  two  circuits 
shown  here  or  use  an  oscilloscope  or  logic  probe. 


When  the  output  is  a  "1"  the  LED  will  be  on.  When  the  output  is 
a  "0"  the  LED  will  be  off.  The  following  program  will  exercise 
the  outputs  of  the  68HC24. 

:  RUN-UP  FF  B007  C!  0  BEGIN  1+  DUP  B003  !  7TERMINAL  IWiL  ; 

Notice  that  the  low  lines  of  Port  B  are  changing  so  fast  the  LED 
appears  to  be  on  continuously  at  low  brightness.  Higher  numbered 
Port  B  lines  and  Port  C  lines  toggle  at  slower  rates.  Each  bit 
position  toggles  at  1/2  the  speed  of  the  next  lower  bit. 


6 


SERIAL  I/O 


The  F68HC11  has  a  full  duplex  hardware  serial  channel  that 
operates  at  HC  levels.  To  use  this  serial  channel  with  most 
standard  conmunications  interfaces,  level  converters  are  needed. 
Drivers  for  RS-232C  and  IEEE  422/485  drivers  are  on  the  boards. 
(It  should  be  noted  that  only  one  combination  of  RS-232  driver, 
RS-422  drivers  or  RS-485  driver  should  be  used  at  one  time  to 
avoid  contention  of  their  receiver  outputs.) 


A  zero  by  RS-232C  specification  is  any  voltage  from  +3  to  +15 
Volts,  a  one  is  hietween  -3  and  -15  Volts.  To  convert  the  HC  sig¬ 
nals  to  the  voltage  ranges  of  that  interface  standard,  the  "100 
Squared"TM  Rev.  1.0  uses  a  single  16  pin  device,  the  MC145406. 


The  circuit  is  shown  here. 

SPRUE 

SPRRE  0UT>-^ 
SPRRC  IN<-^ 
SPRRE  0UT>-^ 

poe 


♦  5 


irrrr” 


1 

J1 

SRRRE 

IN 

SRRftE 

OUT 

SPRRE 

IN 

SPRRE 

OUT 

CNO 

TO  H22/HSS 


The  145406  is  ideally  suited  for  this  use.  It  not  only  provides 
an  RS-232  receiver  and  transmitter  pair  for  the  F68HC11  proces¬ 
sor,  but  also  two  spare  RS-232  receiver  and  transmitter  pairs 
which  can  be  used  with  port  lines  for  handshaking  or  software 
driven  UARTS,  etc.. 

The  RS-422  standard  represents  a  relatively  new  interface  now 
coming  into  popularity,  and  with  good  reason.  Unlike  the  RS-232 
requirements  which  specify  a  single  wire  voltage  transmission 
referenced  to  ground,  the  RS-422  standard  uses  a  voltage  dif¬ 
ferential  on  a  pair  of  conductors.  While  the  RS-232  at  full 
volatge  drive  levels  in  electrically  noisy  environments  is  barely 
reliable  at  distances  to  1000  feet,  RS-422  signals  are  considered 
reliable  at  distances  up  to  4000  feet.  The  422  drivers  operate, 
requiring  only  a  single  sided  5  Volt  supply,  over  twisted  pairs 
of  wires.  A  full  duplex  connection  for  RS-422  requires  two 
twisted  pairs,  one  for  transmit,  one  for  recieve. 

The  RS-485  interface  uses  the  same  specifications  for  its  trans¬ 
mitters  and  receivers.  It,  however,  allows  a  single  twisted  pair 
to  be  used  for  incoming  and  outgoing  messages.  This  is  ac¬ 
complished  by  having  both  a  transmitter  (with  3  state  abiltity) 
and  a  reciever  tied  in  parallel  to  the  same  twisted  pair.  Mul¬ 
tiple  drop  point  communications  are  possible  under  this  scheme 
(up  to  64  pairs  by  specification) .  Of  course,  in  application  the 
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transmitter  turns  on  and  takes  control  of  the  lines  only  under 
software  control.  The  actual  implemmentation  of  this  control 
will  be  determined  by  the  oarticular  protocol  being  used  in  the 
communication  network.  Usually  one  master  sends  an  addresses 
message  to  one  of  multiple  slaves  and  then  turns  off  its  master 
transmitter.  The  addressed  slave,  recognizing  its  address  will 
turn  on  its  transmitter  and  respond  with  the  requested  data. 

These  two  interfaces  are  accomodated  on  the  "100  Squared"'IM  by 
the  addition  of  two  8  pin  75176 's,  which  each  contain  a 
transmitter/receiver  pair.  Whether  the  transmitter  of  the  pair 
is  active,  or  not,  is  controlled  by  a  signal  on  one  of  its  pins. 

One  of  the  75176 's  (Ull)  has  its  receiver  always  enabled.  It  is 
used  exclusively  as  the  RS-422  receiver.  The  other  75176  (U12) 
can  be  used  as  the  RS-422  transmitter  if  jumper  C  on  the  "100 
Squared"TM  is  grounded  (ie:  in  422  position),  or  it  cai.  be  used 
as  the  receiver  and  transmitter  for  the  RS-485  interface  as  con¬ 
trolled  by  PA3  (ie:  in  485  position).  In  this  case  if  PA3  is 
high,  the  75176 's  transmitter  is  not  active.  If  PA3  is  low  its 
transmitter  is  active. 

The  RS-422/485  interface  circuit  is  shown  below. 
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POWER  SUPPLY 


The  power  supply  circuit  on  the  "100  Squared"TM  is  designed  to 
allow  the  board  to  operate  from  a  simple  AC  wall  transformer.  It 
has  three  major  sub  circuits  -  rectification,  regulation  and  DC 
to  X  conversion.  Rev  2.x  added  battery  backup  capabilities  to 
the  28  pin  JEDEC  sockets  and  the  F68HC11  internal  RAM,  and  an  im¬ 
proved  power-up  power-down  reset  circuit. 


^  C3 


The  bridge  rectifier  converts  the  AC  to  X.  The  7805  regulates 
this  rectified  incoming  voltage  to  a  constant  5  Volts. 

The  most  unusual  feature  of  the  power  supply  is  the  use  of  the  X 
to  DC  converter,  the  ICL  7660.  On  NMIx-002x  boards  the  7660  is 
fed  from  the  5  Volt  rail.  The  two  voltages  are  used  to  power  the 
RS-232  converter  circuit.  This  means  the  maximum  output  from  the 
RS-232  converter  would  be  +  and  -  5  Volts. 

The  upper  limit  of  +v  is  set  by  the  ability  of  the  7805  to  dis¬ 
sipate  heat;  If  a  heat  sink  is  added  to  the  7805,  voltages  in 
excess  of  20  Volts  are  possible.  Driving  the  7805  to  hard, 
however r  will  cause  it  to  enter  thermal  overload  and  "shut  down" 
its  output. 

The  typical  current  required  by  the  "100  Squared"'IM  with  8K  CMOS 
RAM  and  the  Max-FORTH  ROM  at  2  Mhz  from  9  VAC  is  20  ma. 

The  power  terminal,  J3,  can  be  used  as  an  alternate  power  source 
instead  of  the  AC  supply.  The  5  Volts  applied  at  the  terminal  is 
also  applied  to  the  7660.  The  5  Volt  +/-  rails  are  usually  suf¬ 
ficient  to  generate  more  than  the  +/-  3  Volts  needed  to  meet  the 
RS-232  specification.  Some  terminals,  however,  may  not  fully 
meet  those  requirements. 
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BATTERY  BACK  UP  Al^  RESET 
(Rev  2.x  only) 

The  battery  backup  capability  added  to  the  Rev  2.x  boards  to  al¬ 
low  data  retention  in  otherwise  volitale  CMOS  RAMs  and  the 
processors  own  internal  RAM  through  main  board  power  downs.  A 
third  terminal  has  been  added  to  the  power  connector,  J3,  marked 
VBB  for  Voltage  Battery  Backup. 

The  VBB  terminal  on  J3  is  connected  to  the  VBB  supply  rail  on  the 
board  by  diode,  Dl.  The  VBB  supply  rail  supplied  the  three  28 
pin  JEDEC  sockets,  the  8054HN  low  voltage  indicator  in  the  reset 
circuit,  the  74HC00  gate  and  the  74HC138  decoder.  If  no  power  is 
applied  to  the  VBB  terminal,  the  VBB  rail  is  supplied  through  the 
intrinsic  diode  of  P  channel  FET,  Ql,  to  within  a  diode  drop  of 
the  suppling  5  volt  rail  (“4.4  Volts).  When  the  8054HN  low  volt¬ 
age  indicator  releases  the  reset  line,  Ql  is  turned  on  and  the 
VBB  comes  almost  completely  up  to  the  5  volt  rail  (“4.95  Volts). 
(This  may  cause  some  problem  with  the  Dallas  Semiconductor  DS1223 
battery  sockets,  as  they  "write  protect"  their  RAMs  at  4.75 
Volts.  Running  an  elevated  5  Volt  supply  may  be  necessary  to  ac¬ 
comodate  these  parts.  The  purpose  of  this  new  feature  is, 
however,  to  do  away  with  the  need  for  those  devices  in  final  sys¬ 
tem  configurations.) 

When  the  8054HN  low  voltage  indicator  holds  the  reset  line  low 
(when  VBB  is  below  3. 8-4. 2  Volts) ,  Ql  is  turned  off  and  the 
address  decoder  is  disabled  through  the  same  input  that  is  used 
by  MEMDIS.  This  "access"  protects  the  manories  during  the  power 
down  cycle. 

To  meet  the  full  letter  of  the  specifications  of  the  parts  in¬ 
volved  the  correct  backup  voltage  on  the  VBB  pin  is  critical. 
This  supply  must  be  low  enough  to  ensure  that  after  the  diode 
drop  of  Dl,  the  VBB  rail  cause  the  8054HN  to  issue  a  reset  (“4.0 
Volts) ,  otherwise  Ql  will  remain  on  and  the  whole  system  will  be 
powered  by  VBB.  It  must  also  be  high  enough  to  ensure  that  after 
the  diode  drop  of  Dl,  the  VBB  rail  will  meet  the  processors 
required  backup  volatge  (listed  as  4.0  Volts) .  Therefore,  the 
ideal  voltage  for  the  VBB  supply  is  4. 3-4. 5  Volts.  It  should  be 
pointed  out  however  that  the  Motorola  specification  appears  to  be 
overly  conservative.  By  empirical  test,  VBB  supplies  below  3 
Volts  appear  to  be  quite  adequate.  Most  Q10S  RAMs  will  retain 
data  down  to  2.2  Volts.  Accounting  for  the  diode  drop  under  such 
low  currents,  the  VBB  supply  may  work  as  low  as  2.5  Volts. 

The  proccess  battery  backup  supply  enters  the  chip  via  the  MODB 
pin.  Jumper  block  D  controls  the  setting  of  MODB,  either  to 
ground  or  to  VBB.  For  backup  of  the  processor's  RAM  to  be 
successful  jumpers  D  and  E  must  be  in  the  Single  Chip  or  Expanded 
Multiplexed  settings.  When  the  VBB  supply  is  used  on  the  proces¬ 
sor,  it  will  retain  its  User  Area  through  power  down  ano  remember 
its  linkages  to  the  external  FORTH  dictionary. 
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ADDRESS  DECODING 


The  chip  selects  of  the  three  JEDEC  sockets  are  generated  by  a 
74HC138.  When  jumpers  A  and  B  are  in  the  8K  position,  address 
lines  A15  to  A13  are  brought  to  this  part.  This  means  that  each 
of  the  eight  generated  chip  selects  represent  a  single  8K  byte 
segment  out  of  the  64K  byte  memory  map. 

When  jumpers  A  and  B  are  in  the  16K  position,  address  lines  A15 
and  A14  are  brought  to  this  part.  The  A13  is  held  high.  This 
means  that  the  upper  four  generated  chip  selects  represent  a 
single  16K  byte  segment  out  of  the  64K  byte  memory  map. 

Vflnen  jumpers  A  and  B  are  in  the  32K  position,  address  lines  A15 
alone  controls  the  part.  The  Al4  and  A13  are  held  high.  This 
means  that  each  of  the  two  upper  chip  selects  represent  a  32K 
byte  segments  out  of  the  64K  byte  manory  map. 

Two  other  signals  control  the  decoder  -  Address  Strobe  (AS)  and 
On  Board  Memory  Disable  (MEMDIS) .  The  Address  Strobe  (AS)  signal 
must  be  active  low  before  any  chip  selects  are  enabled.  This  is 
the  processor's  signal  indicating  the  address  on  the  bus  is  valid 
for  the  off-chip  memory.  The  On  Board  Memory  Disable  (MEMDIS) 
signal  allows  an  offboard  open  collector  source  to  disable  the  or. 
board  decoder,  so  offboard  components  can  usurp  a  memory  segment 
from  on  board  memory,  even  if  the  entire  64K  is  filled  with  RAM 
on  the  main  board. 


74HC138 

A13  A  +5V  + - u - + 

o  o  o  — 

A14  B  +5V 
0  0  0  — 


-+-U2  CHIP  SELECT 

I 

-+ 


-+-U3  CHIP  SELECT 

1 

-+ 

- U4  CHIP  SELECT 


*  Rev  1.0  boards  do  not  have  a  jumper  block  in  this  postion  -  U4 
Chip  Select  is  hard  wired  to  the  socket.  On  2.x  boards  this 
jumper  block  is  installed  -  the  jumpered  connection  of  the  high 
order  chip  select  to  U4  is  user  selectable. 
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TROUBLESHOOTING 


As  always  the  first  thing  to  do  when  troubleshooting  is  to  check 
the  power  and  ground  connections.  An  oscilliscope  should  be  used 
to  check  signals.  The  heat  sink  of  the  7805  is  a  convenient 
place  to  hook  a  ground  clip.  If  +5  Volts  is  present  at  J3  and 
the  board  is  not  operational,  the  next  item  to  check  is  the  os¬ 
cillator.  Putting  the  scope  on  EXTAL  (Pin  7)  should  show  a  8  Mhz 
sine  wave  (4  Mhz  F68HC11  parts  running  4  flhz  XTAL's)  running  from 
about  .5  Volt  lows  to  4.5  Volt  peaks.  XTAL  (F68HC11  Pin  8) 
should  have  an  identical  signal,  but  of  a  much  smaller  amplitude. 
If  the  sine  waves  are  not  present  and  there  is  5V  present  at  the 
power  pin  Vcc  (Pins  26) ,  and  ground  at  Vss  (Pin  52) ,  then  either 
the  F68HC11  or  the  crystal  are  bad  and  require  replacement. 
There  is  one  exception.  If  the  processor  has  executed  a  STOP  in¬ 
struction,  the  oscillator  will  stop.  When  the  oscillator  is 
functioning  correctly  a  2  Mhz  (1  Mhz)  clean  running  square  wave 
should  be  present  at  the  E  output  (Pin  5) .  The  E  signal  drives 
the  timing  for  all  external  memory  transfers.  This  signal  should 
transition  nearly  rail  to  rail,  a  0.4V  low  and  a  4.6V  high  are 
normal.  Less  amplitude  can  indicate  a  board  short  or  an  exces¬ 
sive  load  on  the  line  external  to  the  F68HC11. 

The  serial  channel  should  send  a  sign  on  message  if  no  autostart 
ROM  interferes.  If  not,  the  reset  circuit  could  be  bad,  the 
serial  converter  could  have  failed,  or  the  F68HC11  could  be 
defective.  With  the  reset  button  depressed  the  RES  pin  (Pin  17) 
should  be  at  ground.  Vlhen  release,  the  pin  should  rise  to  5 
Volts  in  about  a  quarter  second.  If  the  reset  pin  is  working  and 
still  no  message  is  seen  on  the  terminal,  check  PDl,  the  serial 
output  line  (Pin  33) .  When  reset  is  exercised,  this  line  should 
go  from  normally  high  through  a  multitude  of  toggles  back  to  a 
high  state.  The  periods  of  the  toggle  transitions  are  multiples 
of  aj^roximately  100  microseconds.  If  this  signal  is  not 
present,  and  there  are  no  user  ROMs  in  the  board,  the  F68HC11  is 
suspect.  If  the  signal  is  present,  check  pin  3  of  the  EB25F  con¬ 
nector.  It  should  normally  be  at  -V  (-5  Volts  nominally)  and 
should  toggle  to  +V  (+5  Volts  nominally)  at  the  same  rate  as  the 
serial  output  line.  If  this  is  happening  and  no  message  is  seen, 
the  RS-232  wiring  or  the  terminal  is  suspect.  Qieck  to  see  if  J1 
is  connected  to  the  DB25F  RS-232  connector  as  follows; 

~  DB25F  Signal  Name 


1  Case  ground 

2  Serial  in  (to  "100  Squared"TM) 

3  Serial  out  (from  ”100  Squared"TM) 

7  Electrical  ground 

Check  the  voltages  on  pins  2  and  3.  If  pin  3  is  very  negative  and 
pin  2  is  floating,  both  systems  are  trying  to  talk  on  the  same 
line.  Pins  2  and  3  need  to  be  swapped.  Usually  this  is  done 
with  a  "null  modem"  inserted  where  the  two  systems  connect. 
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If  the  -V/+V  signal  was  not  found  at  pin  2,  the  RS-232  converter 
is  not  working.  Check  pin  1  of  the  145406  for  +V  and  pin  8  of 
the  145406  for  -V.  If  -V  is  not  present  at  the  -V  pin,  the  7660 
has  failed.  Pin  7  of  the  145406,  the  output,  should  look  the 
same  as  pin  3  of  Jl. 

Check  pin  2  of  Jl  which  is  the  serial  into  the  board  from  the 
terminal.  It  should  normally  be  at  a  negative  voltage  between  -3 
and  -15  Volts.  When  a  key  is  pressed  on  the  terminal  it  should 
pulse  to  positive  voltages  between  +3  and  +15  Volts.  If  it 
doesn't,  the  terminal  or  the  RS-232  wiring  are  suspect.  The  same 
signals  at  inverted  TTL  levels,  should  also  be  at  PDO,  which  is 
the  serial  input  line  of  the  processor  (Pin  34) . 

The  most  conmon  error  in  trying  to  use  the  "100  Squared"TM  is 
mismatched  baud  rates  or  bit  settings.  Verify  that  the  terminal 
is  set  for  9600  baud  with  one  start  bit,  eigth  data  bits  and  one 
stop  bits,  with  no  parity  generated.  (Review  this  discussion  in 
the  Getting  Started  section.) 


MEMORY  MAP 


K# 

HEX 

64 

SFFFF 

63 

RUN  TIME 

62 

61 

KERNEL 

60 

59 

58 

NON  RUN  TIME 
CODES 

57 

56 

SEOOO 

HEADS 

$DFFF 

Max-FORTH  ROM 


SB800 

$B600 


EEPROM 


$8000 


REGISTERS 


5 

4 

3 

2 

1 

0 


$1000 

$5COO 

$0800 

$0400 

$0000 


$0B_AT_$103B 

+ON»CHIPaRAM*+ 
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"100  SQUARED"TM  DOCUMENTATION 
MISCELLANEOUS  JUMPERS 


#  SOURCE  DESTINATION  NORMALLY 


A 


A13-A 

A-5 

ADDRESS  LINE  13 
+5  VOLT  RAIL 

ADDRESS  DECODER  INPUT 

A13-A 

A-5 

ADDRESS  LINE  13 
+5  VOLT  RAIL 

ADDRESS  DECODER  INPUT 

00-U2 

DECODER  OUTPUT  0 

U2  JEDBC  SOCKET 

01-U2 

DECODER  OUTPUT  1 

U2  JEDBC  SOCKET 

02-U2 

DECODER  OUTPUT  2 

U2  JEDBC  SOCKETT 

03-U2 

DECODER  OUTPUT  3 

U2  JEDBC  SOCKET 

04-U2 

DECODER  OUTPUT  4 

U2  JEDBC  SOCKET 

05-U3 

DECODER  OUTPUT  5 

U3  JEDBC  SOCKET 

06-U3 

DECODER  OUTPUT  6 

U3  JEDBC  SOCKET 

07-U4 

DECODER  OUTPUT  7 

U4  JEDBC  SOCKET  * 

GND-D 

GROUND 

MODB  PIN 

OPEN 

D-5 

MODB  PIN 

+5  VOLT  RAIL 

CLOSED 

GND-E 

GROUND 

MCOA  PIN 

OPEN 

E-5 

MODA  PIN 

+5  VOLT  RAIL 

CLOSED 

XIRQ-B 

Mil 

INT  FROM  J4 

OPEN 

B-IRQ 

INT  FROM  J4 

PA3  E23GE  SENSITIVE  LINE 

OPEN 

485-C 

PA3 

U12  PINS  2  &  3 

C-422 

U12  PINS  2  &  3 

GROUND 

U2 

U2  PIN  27  R/W  LINE 

U2  PIN  28  SUPPLY 

OPEN** 

U3 

U3  PIN  27  R/W  LINE 

U3  PIN  28  SUPPLY 

OPEN** 

U4 

U4  PIN  27  R/W  LINE 

U4  PIN  28  SUPPLY 

OPEN** 

*  Rev  1.0  is  hard  wired  to  U4,  Rev  2.x  is  jvinper  selectable 

**  Rev  2.x  has  option  of  pullups  on  R/Vt  lines  to  write  protect 
RAMS  in  socket.  To  use  install  lOOK  pullup  resistor  &  rernove 
jumper  from  28  pin  JEDBC  selection  socket  for  pin  27. 

If  battery  backup  is  in  use,  RAM  will  then  emulate  ROM. 
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"100  SOUARED"'m  DOCUMENTATION 


GENERAL 

Jumper  Assignments 

PURPOSE  SOCKET 

for  JEDEC  28  Pin 

Sockets 

JUMPER 

1  0 

o  28 

+ — + 

+5  I  0  1 

ai2 

2 

27 

1  1 

JUMPER  1  0  1 

A7 

3  0 

o  26 

-t- - + 

JUMPER 

A6 

4  0 

0  25 

A8 

A5 

5  o 

o  24 

A9 

A4 

6  0 

o  23 

All 

A3 

7  0 

0  22 

OE 

A2 

8  o 

0  21 

AlO 

A1 

9  0 

0  20 

CHIP  SELECT 

AO 

10  0 

0  19 

D7 

DO 

11  0 

0  18 

D6 

D1 

12  0 

0  17 

D5 

D2 

13  0 

0  16 

D4 

GND 

14  0 

0  15 

D3 

PIN  1  PIN  26  PIN  27 
0  ™ " "0  0**“0  0"""0 

0  0  0  0  0  0 

A14  +5  +5  A13  A14  RR/W 

*  Rev  2.x  has  option  of  pullups  on  RA?  lines  to  write  protect 
RAMS  ii^ socket.  To  use,  install  lOOK  pullup  resistor  &  remove 
jumper  for  pin  27.  If  battery  back  up  is  in  use,  RAM  will  then 
emulate  ROM. 
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"100  SQUARED'’TM  DOCUMENTATION 
GENERAL  PURPOSE  SOCKET  -  U6,  U7,  U8 

Jumper  Settings  for  Standard  JEDEC  24/28  Pin  Devices 


ALL  8K  X  8  DEVICES 
2764 
2864 
6264 

PIN  1  PIN  26  PIN  27 

+ - + - + - + - + - + - + 

I  X  I  X  I  X  I  * 

I  X  I  X  I  X  I 

A14  +5V  +5V  A13  A14  RR/W 


16K  X  8  EPROM 
27128 

PIN  1  PIN  26  PIN  27 

I  XI  I  X  I  X 

I  X  I  I  X  I  X 

+ - + - + - + - + - + - + 

Ai4  +5V  +5V  A13  A14  RR/W 


32K  X  8  EPROM 
27256 

PIN  1  PIN  26  PIN  27 

X  I  XX 

X  I  XX 

+ - + - + - + - + - + + 

A14  +5V  +5V  A13  A14  RR/W 


32K  X  8  RAM 
62256 

PIN  1  PIN  26  PIN  27 

+ - + - + - + - + - + - + 

I  X  I  I  X  I  X  I  * 

^  ^  i  ^ ' 

A14  +5V  +5V  A13  A14  RR/W 

*  Rev  2.x  has  option  of  pullups  on  RA?  lines  to  write  protect 
Wtfls  in  socket.  To  usef  install  lOOK  pullup  resistor  &  remove 
jvmper  for  pin  27.  If  battery  backup  is  in  use,  RAM  will  then 
emulate  ROM. 
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"100  SQUARED'*TM  DOCUMOrTATION 
GENERAL  PLJRPOSE  SOCKET  -  U6,  U7,  U8 

Jumper  Settings  for  Various  Addressing  Schemes 

3  8K  DEVICES 

A13  A  +5V 
+ - + 

I  XXXX  o  I 

+ - +  8K  POSITION 

I  XXXX  o  I 
+ - + 

A14  B  +5V 
C 

0000-lFFF  OO 
2000-3FFF  01 
4000-5FFF  02 
6000-7FFF  03 
8000-9FFF  04 
AOOO-BFFF  05 
COOO-DFFF  06 
EOOO-FFFF  07 


*  Rev  1.0  is  hard  wired  to  U4,  Rev  2.x  is  jumper  selectable 


XXXX  -+-U2  CHIP  SELECT  - 

I  IFFF 

o  0  -+ 

I 

o  o  -+ 

I 

o  0  -+ 


o  o  -+ 

COOO 

o  0  -+-U3  CHIP  SELECT  - 

I  DFFF 

XXXX  -+ 

EOOO 

*  - U4  CHIP  SELECT - 

— — — +  PPFP 
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3 


16K  DEVICES 


A13  A  +5V 

+ - + 

I  o  XXXX  i 

■*  - +  16K  POSITION 

I  XXXX  0  I 

+ - + 

A14  B  +5V 

C 


OO  o  0 
0000- 3FFF  01  XXXX 
02  o  o 
4000-7FFF  03  o  o 
04  o  o 
8000-BFFF  05  XXXX 

06  I  o  0 
COOO-FFFF  07  I 


-+ 

I  _  0000 

-+-U2  CHIP  SELECT  - 

I  3FFF 

-+ 

I 

-+ 

! 

-+ 

_  8000 

-+-U3  CHIP  SELECT  - 

I  BFFF 

-+ 

_ cooo 

- U4  CHIP  SELECT  - 

FFFF 


★ 


Rev  1.0  is  hard  wired  to  U4,  Rev  2.x  is  jumper  selectable 
See  appnote  on  PRU  overmapping  cautions 
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2  32K  DE\7ICES 


A13  A  +5V 


I  o  XXXX  I 

+ - +  32K  POSITIOM 

1  0  XXXX  I 

+ - + 

A14  B  +5V 

C 

00 
01 
02 

0000-7FFF  03 
04 
05 
06 

8000-FFFF  07 


o  0 
o  o 

o  o 
XXXX 
0  0 
0  o 
o  o 


-+ 

! 

-+ 

I 

-+ 

I  _  0000 

-+-U2  CHIP  SELECT  - 

I  7FFF 

-+ 


-+-U3  CHIP  SELECT  - 

-+ 

3000 


*__*  I - U4  CHIP  SELECT - 

C*CL'L‘ 


*  Pev  1.0  is  hard  wired  to  U4,  Rev  2.x  is  jumper  selectable 
**  See  appnote  on  PRU  overmapping  cautions 
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"100  SQUARED'-in  D0CU>’E1TATI0H 
SERIAL  INPUT/OUTPUT  JACKS  J1 


TOP  VIEW 

NUMBERED  LEFT  TO  RIGHT 
1  2  3  4  5  6  7  8  9  10  11  12  13  14 

OOOQQoqoOOOOOO 


DB25F  J1  Signal  Name 


1 

2 

3 

4 

1  5 

2  6 

3  7 

7  8 

9 

10 

11 

12 

13 

14 


Spare  RS-232  in 
Spare  RS-232  out 
Spare  RS-232  in 
Spare  RS-232  out 
Case  ground 

Serial  into  "100  Squc.red"TM 
Serial  out  of  "100  Squared"TM 
Electrical  ground 
Reset  line  in  or  out 
Electrical  ground 

RS-422  Receive  +  Differential  input  or  485  xcv 

RS-422  Receive  -  Differential  input  or  485  xcv 

RS-422  Receive  +  Differential  output 

RS-422  Receive  -  Differential  output 
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"100  SQUARED"TM  DOCUMEITATIOK 
INPUT/OUTPUT  JACKS  J2 


TOP  VIEW 

FRONT  (EDGE)  Cc  CARD  v 


20  pin  header 
group 


34  pin  header 
group 


-  X  PA7  o  o  PA6  0 

I  0  PAS  o  o  PA4  0 

0  PA3  o  O  PA2  I 
I  PAl  o  o  PAO  I 
+5  o  o  +5 
GND  o  O  GND 
0  PB7  o  o  PB6  0 
0  PBS  o  o  PB4  0 
0  PB3  O  o  PB2  0 

-  0  PBl  o  O  PBO  0 

+S  o  o  +S 
GND  o  o  GND 

-  X  PC7  o  o  PC6  X 
X  PCS  o  o  PC4  X 
X  PC3  o  o  PC2  X 
X  PCI  o  o  PCO  X 

+S  o  o  +5 
GND  o  o  GND 
0  PD7  o  o  PD6  I 
X  PD5  o  O  PD4  X 
X  PD3  o  O  PD2  X 
X  PDl  O  o  PDO  X 
+S  o  o  +5 
GND  o  o  G^ro 
I  PE7  o  o  PE6  I 
I  PE5  o  o  PE4  I 
I  PE3  o  o  PE2  I 
I  PEI  o  o  PEO  I 
+5  o  o  +5 
GND  o  0  GND 


I*INPUT  OOUTPOT  X=EITHER 

F68HC11  "100  SQUARED"™  NMIX-0021/2/3  REV  1.0  &  2.x  11/13/87 
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"100  SQUARED"TM  DOCUMENTATION 
EXPANSION  JACK  J4 


MEWDIS 

0 

0 

N.C, 

E 

0 

o 

RST 

A15 

o 

o 

INT 

A14 

o 

o 

+5 

A12 

0 

o 

RA? 

A7 

0 

o 

A13 

A6 

0 

o 

AS 

A5 

0 

o 

A9 

A4 

0 

o 

All 

A3 

o 

o 

OE 

A2 

0 

o 

AlO 

A1 

o 

0 

AS 

AO 

0 

o 

D7 

DO 

o 

o 

D6 

D1 

0 

o 

D5 

D2 

0 

0 

D4 

GND 

0 

0 

D3 

The  J4  expansion  connector  was  designed  to  follow  the  JEDBC 
standard  for  byte  sized  memory  parts  in  the  8,  16  and  32K  Byte 
varieties.  The  J4  connector  on  these  boards  are  made  to  most 
closely  match  the  more  recently  available  32K  JEDBC  parts. 
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NEV?  MICROS,  INC. 

NMIX-0021/2  F68HC11  "100  SQUAREO"TM  PARTS  LIST  REV  1.0  &  2.x 


PART# 

GENERIC 

DESCRIPTION 

U1 

52  PIN  SOCKET 

F68HC11 

FORTH  CPU 

U2 

28  PIN  SOCKET 

2064 

8K  X  8  RAM 

U3 

28  PIN  SOCKET 

U4 

28  PIN  SOCKET 

2064/20256 

OPTIONAL  MEMORIES  U4,5 

U5 

44  PIN  SOCKET 

F68HC24  PRU 

PRT  RPLCMNT  UNT  (NMIX-0022  ONLY) 

U6 

8  PIN  SOCKET 

7660 

DC/DC  CONVERTER 

U7 

14  PIN  SOCKET 

74HC00 

NAND  GATE 

U8 

16  PIN  SOCKET 

74HC138 

ADDRESS  DECODING  PROM 

U9 

20  PIN  SOCKET 

74HC373 

8  BIT  LATCH 

UlO 

16  PIN  SOCKET 

145406 

RS-232  CONVERTOR 

Ull,12 

8  PIN  SOCKETS 

75176 

RS-422/485  DRIVERS 

Y1 

8  MHZ  XTAL 

J3 

SCREW  TERMINAL 

2  PIN  .194"  CONN  (Rev  1.0  only) 

J3 

SCREW  TERMINAL 

3  PIN  .194"  CONN  iRev  2.x  only) 

J4 

34  PIN  VSC  HEADER 

.1"  DUAL  INLINE 

RO 

lOK 

1/8  WATT  RESISTOR  (Rev  2.x  only) 

R1 

IMeg 

1/8  WATT  RESISTOR 

R2-5 

lOK 

1/8  WATT  RESISTOR 

R6 

lOK 

1/8  WATT  RESISTOR  (Rev  1.0  only) 

Cl, 2 

220uf 

16V  ELECTROLYTIC  CAP 

C3,4 

lOuf 

16V  ELECTROLYTIC  CAP 

C5 

lOuf 

16V  ELECTROLYTIC  CAP  (Rev  1.0  only) 

C6,7 

20  pf 

CERAMIC  DISC 

C8-14 

.luf 

MONOLYTHIC  BYPASS 

CIS 

.luf 

MONOLYTHIC  BYPASS  (Rev  2.x  only) 

LVIl 

8054HN 

POWER  ON  RESET  MONITOR  (Rev  2.x) 

Q1 

VP0300L 

P  CHANNEL  FET  (Rev  2.x  only) 

D1 

1N4148  OR  1N914 

SIGNAL  DIODE 

CRl 

VM08 

BRIDGE  RECTIFIER 

VRl 

7805 

5V  REGULATOR 

PCB 

100  SQUARED 

tMIX-0021/2/3  PCB  REV  1.0  or  2.x 

JUMPER  PINS 

BERG  STYLE  .1"  CENTER  JUMPERS 

JUMPER  SHUNTS 

BERG  STYLE  .1"  CENTER  SHUNTS 

SI 

MOMENTARY  PUSH 

RESET  SWITCH 

9V  WALL  PLUG 

A.C.  POWER  TRANSFORMER 

CASE 

ALUMINUM  EXTRUDED  METAL  CASE 

FROb’^  PANEL 

ALUMINUM  MOUNTING  FACE  PLATE 

BACK  PANEL 

STEEL  BLACK  END  PLATE 
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NEVn’  micros,  INC. 

NMIT-0021/2  F68HC11  "GENERIC  TARGET  CO^^PUTER"'m  PARTS  LIST 

REV  i.O  &  2.x 


PART# 

GENERIC 

DESCRIPTION 

U1 

52  PIN  SOCKET 

F68HC11 

FORTH  CPU 

U2 

28  PIN  SOCKET 

U3 

28  PIN  SOCKET 

U4 

28  PIN  SOCKET 

U7 

14  PIN  SOCKET 

74HC00 

NAND  GATE 

U8 

16  PIN  SOCKET 

74HC138 

AK7RESS  DECODING  PROM 

U9 

20  PIN  SOCKET 

74HC373 

8  BIT  LATCH 

Y1 

8  OR  4  MHZ  XTAL 

RO 

lOK  ' 

1/8  WATT  RESISTOR 

(Rev 

2.x  only) 

R1 

iMeg 

1/8  WATT  RESISTOR 

R2-5 

lOK 

1/8  WATT  RESISTOR 

R6 

lOK 

1/8  WATT  RESISTOR 

(Rev 

1.0  only) 

C6,7 

20  pf 

CERAMIC  DISC 

C9-13 

.luf 

MONOLYTHIC  BYPASS 

CIS 

.luf 

MONOLYTHIC  BYPASS 

(Rev 

2.x  only) 

LVIl 

8a54HN 

POWER  ON  RESET  MONITOR 

(Rev  2.x) 

Q1 

VP0300L 

P  CHANNEL  FET  (Rev 

2.x 

only) 

D1 

1N4148  OR  1N914 

SIGNAL  DIODE 

PCS 

100  SQUARED 

NMIX-0021/2/3  PCB 

REV  1.0  or  2.x 

25 


26 


27 
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NMIX-0023  REV  1.0  &  2.x  MEXTHANICALS 


■TM/MU 


"100  SQUARED"TM  DOCL’MEOTATION 
APPLICATION  NOTE 


COI3NECTING  A  PARALLEL  PRINTER  TO  THE  "100  SQUARED"TM 

Being  able  to  keep  a  hard  copy  of  entered  or  displayed  text  can 
be  a  very  desirable  feature  during  development.  Further,  the 
ability  to  make  written  reports  from  a  run  time  application  may 
be  required  of  the  finished  systan.  The  hook-up  below  shows  con¬ 
nections  between  the  "100  SQUARED"TW  and  a  Centronics  style  prin¬ 
ter. 

This  example  works  only  on  the  NMIX  and  NMIT-0022  with  the  Port 
Replacement  Unit  installed. 


PRINTER 
CONNECTOR 
PIN  # 

SIGNAL  CABLE 

NAME  CONDUCTOR 
NUMBER 

J2 

34 

F68HC11 

68HC24 

SIGNAL 

1 

STB 

1 

13 

STRB  (PD7) 

19 

GND 

2 

11 

GND 

2 

DO 

3 

8 

PCO 

20 

GND 

4 

GND 

3 

D1 

5 

7 

PCI 

21 

GND 

6 

GND 

4 

D2 

7 

6 

PC2 

22 

GND 

8 

GND 

5 

D3 

9 

5 

PC3 

23 

GND 

10 

G^JD 

6 

D4 

11 

4 

PC4 

24 

GND 

12 

GbD 

7 

D5 

13 

3 

PC5 

25 

GND 

14 

GND 

8 

D6 

15 

2 

PC6 

26 

GND 

16 

GND 

9 

D7 

17 

1 

PC7 

27 

GND 

18 

GND 

10 

ACK 

19 

14 

STRA  (PD6; 

28 

GND 

20 

GND 

11-18 

N.C. 

29-36 

N.C. 

"100  SOUARED"TM  DOCUMEOTATION 
APPLICATION  NOTE 

INTEL  FORMAT  DUMP  COMMAND 


The  following  program  allows  a  section  of  memory  to  be  dumped  out 
the  serial  channel  in  the  Intel  hex  format  which  is  a  standard 
used  by  many  of  the  commercially  available  PROM  progranmers. 
This  program  should  allow  the  use  of  such  prograimers  to  capture 
programs  and  data  in  EPROMs,  which  are  not  supported  for  program¬ 
ming  by  the  "100  SQUARED"TM  directly. 

HEX 

VARIABLE  CHKSUM 

:  CE  DUP  A  <  IF  30  ELSE  37  THEN  +  EMIT  ;  (  CONVERT  AND  EMIT  ) 

:  2.R  FF  AND  10  /MOD  CE  CE  ; 

:  4.R  0  100  UM/MOD  2.R  2.R  ; 

:  INTEL-DUMP  (  addr  count  -  ) 

OVER  +  SWAP  (  CONVERTS  ADDR  &  COUNT  TO  UPPER,  LOWER  ADDR  ) 

BEGIN 

CR 

2DUP  20  +  MIN  (  MAKE  NEXT  LINE  OF  OUTPUT  UP  TO  32  BYTES  LO^JG) 

SWAP  (  BRING  UP  START  ADDRESS,  MOVE  DOWN  END  ADDRESS  ) 

(  BEGIN  THE  RECORD  ) 

2DUP  -  (  FIND  OUT  #  OF  BYTES  IN  THIS  RECORD  ) 

DUP  CHKSUM  !  (  BEGIN  CHKSUM  COMPUTATION  ) 

2.R  (  PRINT  #  OF  BYTES  IN  RECORD  IN  TWO  DIGIT  FIELD  ) 

DUP  100  /MOD  +  CHKSUM  +!  (  ADD  START  ADDRESS  TO  CHKSUM  ) 

DUP  4.R  {  PRINT  START  ADDRESS  IN  FOUR  DIGIT  FIELD  ) 

00"  (  PRINT  RECORD  TYPE,  NO  NEED  TO  ADD  TO  CHKSUM  ) 

>R  DUP  R>  (  MAKE  START  STOP  #S  FOR  DO  LOOP  ) 

DO 

I  C@  2.R  (  PRINT  HEX  BYTE  IN  WO  DIGIT  FIELD  ) 

I  C@  CHKSUM  +!  (  UPDATE  CHKSUM  ) 

LOOP 

CHKSUM  C@  NEGATE  2.R  (  PRINT  CHKSUM  NEGATED  WO  DIGIT  FIELD  ) 
2DUP  » 

UNTIL  (  KEEP  GOING  TILL  LINE  END  IS  »  TO  BLOCK  END  ) 

CR  uOOOOOOOlFF"  CR  (  TACK  ON  E^ro  RECORD  ) 

2DROP 


Program  and  application  courtesy  of  Danny  Barger,  International 
Computing  Scale. 
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"100  SQUARED"TM  DOCUMEMTAT  I  OfJ 
APPLICATION  NOTE 

Special  consideration  needs  to  be  given  to  the  address  reauire- 
ments  of  the  Port  Replacemen t  Part  (PRO)  if  it  is  optionally  in¬ 
stalled  in  a  board  by  the  user.  Since  the  PRU  is  outside  the 
F68HC11,  it  must  compete  for  its  address  space  with  other  devices 
on  the  bus,  while  the  internal  registers  do  not.  It  is  possible 
to  accidentally  "over-map"  the  68HC11  PRU  with  another  external 
memory  device  unless  some  care  is  given  to  where  the  Max-FORTH 
system  is  mapping  its  registers. 

Particular  care  must  be  taken  when  setting  one  of  these  boards 
for  the  32K  addressing  mode  which  will  always  cause  problems  for 
the  upper  32K  device  and  the  PRU.  Generally  the  8K  address  mode 
is  the  safest  mode  to  use  when  a  PRU  is  installed,  if  care  is 
given  to  the  U2  jumper  to  prohibit  "over-mapping". 

In  Max-FORTH  revisions  x.l  (and  prior)  the  registers  are  at 
$9000.  Later  revisions  put  the  registers  at  SBOOO.  Only  address 
lines  A15  -  All  are  attached  to  the  PRU,  so  it  will  over  map  a  2 
Kbyte  area  (i.e.  9000-97FF  or  B000-B7FF)  with  a  skipping  pattern 
that  repeats  every  64  (40  hex)  locations  corresponding  to  the 
registers  it  provides. 

An  off  board  address  decoder  could  be  used  to  .disable  the  on 
board  memory  using  MEMDIS.  It  would  need  to  generate  a  low  sig¬ 
nal  on  MEMDIS  when  ever  there  was  any  address  in  the  area  oc¬ 
cupied  by  the  PRU.  In  this  way  the  memories  in  the  28  pin  sock¬ 
ets  would  be  "notched  out"  to  allow  the  PRU  to  function  normally. 

74HC688 


GND- 

h - U- 

E 

Vcc 

K 

-  +  5V 

GND- 

AO 

A=B 

-MEMDIS 

GND- 

BO 

B7 

-  +  5V 

GND- 

Al 

A  7 

-A15 

GND- 

B1 

B6 

-  +  5V 

GND- 

A2 

A6 

-A14 

GND- 

B2 

B5 

-GND 

All- 

A3 

A5 

-A13 

GND- 

B3 

B4 

-  +  5V 

GND- 

GND 

j. - 

A4 

-A12 

Above  74HC688  detects  addresses  B000-B7FF  and  controls  MEMDIS. 
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R65C52 


#1% 

R65C52 

Dual  Asynchronous  Communications 

Rockwell 

Interfacs  Adapter  (DACIA) 

DESCRIPTION 

•ni«noelnwiCM08B66CS20uMA«ynehfenou«Co>ntnunie«- 
tlon*lfltMlMaMiW*ir  (DACIA)  provtdM  an  MiityimpMnMrMd. 
program  eotwoilod  two<nann«l  mtorfoeo  btftraon  S^it 
mlerepraeawof  howd  ayiliino  and  aarial  communicailon  data 
lala  and  modama. 

Tha  DACIA  la  daaignid  tar  maximum  programmad  eomrol  (ram 
iHamlcropracaaaor(MPU)taalmpll«yhattfii»araimplamanMtlon. 
Dual  aatao<riglmiria»oi»rlndapandan>eonool  and  mondoring 
of  aacA  diannal. 

DanamlwafandnacitirarblifalaamayOaeomrolladbyiniraaf- 
nalbaudraaganamararaKiarnalilmaa  iddoei*.  Thabaudraa 
ganarator  aeeapta  aWwr  a  eryaial  or  a  dock  inpul.  and  prauMaa 
iSprogammaPlabaudrmaa  WhanaadWAMHzeryataliauaad. 
tha  baud  rmaa  ranga  from  SO  bpa  ta  36.400  bpa. 

Tha  DACIA  may  ba  programmad  to  vananM  and  raealva  framaa 
haylng«ordlarigMof8.&7orlblta:  a«an.  odd.  apaoa.  mam 
or  no  parKy;  and  1  or  2  atop  Mta. 

ACuriaiaiaWagbiai,ir>dt>aaM>ytadaiartaddraaakamaa.tadl- 
lata  addraaa  raoognMon  in  a  muNidrop  moda 


FEATURES 

•  Uxa  powar  CMOS  N  wad  lilleon  gala  tacbnology 

•  Unoindapaodani  lull  dupiaachannaia  wan  buftaradiaeawati 
and  vanaminara. 

•  Data  aai/modam  corarel  fundlona 

•  iniarnai  baud  tala  ganaraior«4m  IS  programmabto  baud  raiaa 
(SObpaloaSiAOObpa) 

•  Pragram  lalaeiabla  kaaraaPy  or  frnaPy  eeraniSad  tacaluii 
and  iranamliMr  bk  lataa 

•  Pfogrammablaac.diangma.  nufflOar  of  taopbUa.  and  partly 

QSnRmOn  RpIO  OHMOOfl 

•  Ptogrammabla  Intartupi  ecraiol 

•  Edga  daiaei  tar  B9.  RBI.  and  STS 

•  Pfogramaatactabla  acno  moda  tar  aacA  cnannai 

•  Compara  Rrgiatar 

•  ArMraaalData  frama  moognMon 

•  SOVUe  tSHiupplyraqubamanta 

•  40^plaaUeorcaiamlcOM*ar44.plnPtCC 

•  Pui  771  or  CMOS  inpuitauipul  oompabbSMy 

•  Coiiipallbta  wtai  R8800  and  nsSCOO  tnicioprecaaaori  and 
nesoor  nUcrooomputara 


OROERINQ  INFORMAnON 


INTERFME  SIGNALS 

Th«  DACIA  «  availabl*  in  a  40s»n  O'b  or  a  4a^n  PLCC.  Rgura  l 
snowia  tha  pm  aaaignmants  lor  aach  packaga.  Tha  DACIA  mtar- 
faca  aignalaaia  shown  in  Rgura  2.  IkMi  contamaadaacnption 
ol  aach  aignai. 


nguNl.  Wa6C82 DAPA liwatlaea flgnala 


6^ 


R65C52 


Dual  Aaynchronoua  Communicatlona  Intertaca  Adapter  (DACIA) 


ThMl.  DACIA  Irrttrtm  Signal  Otilnitlofw 


Mnwai 

— 

— 

ow  1  Pice 

uo 

PltatC.  Aco^  taw  input  eonuoHtng  m«  r«Mi  tuncbon.  This  tignpi  mu«i  bP  dn^  low  lor  •  miramum  of 
4  Hi  tor  a  valid  naatt  to  occur.  K  la  dnvan  hign  during  normal  ogaraUon. 

WaadlWrita.  input  comnilNng  tha  diioetion  ol  data  iianator.  it  la  dnvan  tow  dunng  wnta  eydaa.  and  ia 
dnvan  nign  at  all  oinar  timaa. 

CMg  talaet.  Aeilva  tow  input  anabling  daM  tranatoia  Baiwaan  tna  heal  CPU  and  tha  tMCU.  Tha 
04CIA  laaehaa  ragtator  aalacta  and  tha  niW  input  on  tha  falling  adga  of  S§  It  latohaa  input  dan  on 
tha  rtaing  adga  of  SS. 


Ragianr  talart.  Thraa  inputa  ecnirelilng  aceaaa  to  tha  OACIA  intamal  ragiatoii.  TkHa  3  llata  tha 
coding  tor  aaen  ragiatar 

Oan  Itn.  Eight  oidiraclional  Hnaa  uaad  to  ttanator  dan  batwaan  tha  hoat  and  tha  DACU.  Thaaa  ilnaa 
output  dan  dunng  READ  cyciaa  whan  SS  la  tow.  At  all  oihar  tiniaa.  ihay  aia  m  tha  nigh  atipadanca 

limtTupt  Raguaat  TWo  aediia  Haa  opan-dtaln  outputa  hem  tha  intamipt  oontwa  logic  Thaaa  outputa 
ara  normady  Ngn.  An  ms  Una  goaa  tow  whan  ona  d(  tha  Naga  ot  tha  aaaoaatnd  ISR  la  aat  If  tha 
eorraaponding  anaPM  M  ia  aat  in  tha  lER. 


I 


XTAU 

3 

2a 

1 

Ctyam  Inpiil/Oiitpul.  Orw  mpul  and  ona  output  bHOugh  which  bia  ratoranca  aignal  tor  bw  intamal 

XTALO 

* 

27 

0 

clock  oaotllaaor  to  aupphad.  A  pataM  raaonam  ciyam  may  ba  eonnacaad  acipaa  tha  pMa  or  a  dock 
may  ba  input  at  X1MJ.  Whan  a  dock  to  uaad.  XTM.0  mutt  ba  Ml  opan. 

cut  OUT 

S 

29 

0 

CtoakOtR.  A  Bultorad  output  from  bta  intamal  dock  oadbator  which  tom  phaaawNh  XTAU.  Thto 
output  may  ba  uaad  to  dnna  bw  XTAU  input  of  anobtar  OACIA.  ThantoBia.  amiam  OACIA  chipa  may 
ba  drivan  wibi  ona  cryaw. 

RiC 

3S 

.  7 

1 

Raaahiar  CMah.  Input  tor  antamal  lemacaivar  dock. 

TiC 

IS 

39 

1 

banamitor  Ctocti.  input  tor  aatamalieiinanamittor  dock. 

Oan  nwtiffiai  Naadyi  mo  ganam  purpoaa  outputa  tmeh  ara  aat  high  upon  laaal.  Tha  output 
tonal  ia  progtaitwnad  Oy  aaWog  tha  apptoprtan  W  in  tha  aaaoeland  Formn  Ragtotor  (PR)  or 
torn  Tha  atan  ot  aaeh  Olfl  Una  la  laftoend  by  tha  Sm  LVL  Bit  in  tha  aaaoelaaad  ConM  SWua  Room 
(CSR). 


Oaaa  flat  Raady.  Itao  gananjfpurpoaa  inpun.  An  aetm  tfanaWon  aan  tha  l^T  bit  in  tha  Marw 
Staba  Ragianr  (ISR).  Tha  ESR  LVL  Mt  In  tha  aaaoBMad  C8R  lattoen  tha  currant  atna  of  a  OW  Ina 

Nagaaal 'n  Eand.  Ttoo  ganam  purpoaa  oulpun  whieh  aia  aat  Mgh  upon  laaai.  Tha  output  tom  to 
progwnmadbyaanngdtaapproprianMininaaaaoeiandFRhlghorioK  Thamnof  inffRlnato 
raPaond  by  tha  en  un.  bN  in  tha  aaaoeland  C3R. 

Oaar'niam  Tha  CIS  oonupllrto  inpun  adowhandahaMtig  by  diattanainltlata  Whan  STS  to  tom 
tha  dan  to  wanaitiitndcnntlnuouafy.  Whan  CtS  to  high,  bid  tanatmt  Dan  Ragtotor  Empty  ba(TDRC) 
in  tha  aaaoonnd  Wt  to  not  aat.  Tha  weid  praaa^  In  Pto  banama  Shut  Ragtotor  to  aaia  normaly. 

Any  aetha  nanatoon  on  a  STS  Ina  aato  bia  STSt  BN  In  Via  wpipprltoa  I8R.  Tha  CTS  UfL  bN  in  bn 
aaaociaand  CSR  rallaon  tha  currant  toato  ol  619. 

DanaMI  Oato.  Tha  TkO  outputa  tranator  aortal  notHatum  to  aaro  (NRZ)  dan  IB  tha  dan  oommunicMiona 
aguiptnanl  (BCE).  Tha  dan  to  banatonad.  LEO  hm.  to  a  ran  dannranad  by  bia  Baud  ran  ganataaBt 
or  Mamal  etoch. 

Pan  Cantor  Oatoat  b»o  ganam  purpoaa  inputo.  An  aothia  tranoNlen  aata  tha  OSOT  bit  In  bta 
appraprtaaa  MR.  Tha  RS  LVL  bN  in  tha  aaaocHaad  CSR  rallacaa  bia  eunani  ama  of  a  505  Ina. 

Raaafaa  Oaaa.  Tha  RaO  Inputo  bantotoraartal  Witt  daaalraabia  OACIA  bom  bia  BCE.  LSBIlm.  Tha 
laoahiaroauBfantoaatorminaBbybiabauBiatoganamBroraatotnalcloBlt. 


Dual  Aaynchronoua  Communlcatlona  Interface  Adapter  (DACIA) 


R65C52 

FUNCTIONAL  DESCRIPTION 

Figure  3  IS  a  block  diagram  o»  the  DACIA  which  consists  o»  two 
asynchronous  commumcations  intarfac#  adaptors  with  common 
microprocossor  intorlaco  control  logic  and  data  bus  burtors.  Tha 
individual  functiooal  oMmonls  o»  the  DACIA  ara  dascnbad  in  tha 
touching  paragraphs. 


RESET  look: 

Tha  Roast  Logic  sots  various  inWnuSragistats.  flatus  bits  and  cotv 
trol  linos  to  a  known  state.  Tha  fl6S  input  must  be  dnvan  low 
lor  a  minimum  ol  a  mS  tor  a  valid  tasol  to  occur.  At  this  time,  tha 

lERs  ara  satto  *8a  tha  ROHa  and  AC^ra  claarod.  and  tha  cortv 

para  mode  is  diaablad.  Also,  tha  DTh  and  RTS  outputs  ara 
driven  high  and  tha  5R.  SCO  and  6§R  transition  datact  flags 
ara  claarad.  No  other  bits  ara  allactad. 


DATA  BUS  BUFFER 

Tha  Data  Bus  Buffer  is  a  bidiroctional  interface  batwaan  tha  dtoa 
lines  and  the  iniamal  data  bua  Tha  state  of  the  Data  Bus  Buffer 

is  eontrollad  by  tha  UO  Control  Logic  and  tha  Interrupt  Logic. 
Tabla  2  summariisa  the  Oato  Bus  Buffer  statsa. 


lA)  CONTROL  look; 

Thal/OContiolLogiceootroiadafalranstorsbalwaanmalraar- 
nalRigmsrs  and  tha  ONS  Bus  Buffer,  internal  Ragisiarsataction 
is  daiorminad  by  tha  Raoiaisr  Saiaet  inputs  as  shown  in  Tbbia  a 
Whan  rAS  is  high  and  CS  is  low,  data  from  tha  saiaciad  rogisfsr 


IS  transfarred  from  tha  intsmal  data  bus  to  the  data  lines.  Whan 
CS  IS  high,  tha  DACIA  is  dasalacted  and  the  data  lines  ara 
tri-statad. 

INTERRUPT  LOGIC 

Tha  interrupt  logic  causes  tha  IRQ  lines  (IRQI  or  IRQ2)  to  go 
low  whan  conditions  ara  mat  that  require  tha  attention  of  tha  MPU. 
There  aia  mo  ragistats  (the  Interrupt  Enable  Rsgisisr  and  tha  imsr- 
rupt  Status  Ragistar)  mvotvad  in  tha  control  of  intanupts  in  the 
DACIA.  An  iPQ  wM  be  asaartad  on  the  transitton  of  one  of  tha  flags 
in  an  ISR  from  0  to  1  if  tha  corresponding  bit  in  tha  asaocialad  lER 
is  sat.  Tha  iW  line  IS  negated  whan  tha  ISR  is  read  or  whan  tha 

interrupting  condition  is  claarad.  CAUTION;  Whan  tha  interrupt 
IS  ganaraiad  by  TORE.  1/16  of  a  bit  time  must  slapsa  batora  IRQ 
can  be  ctaaiad  by  reading  tha  ISR. 

CLOCK  OSCILLATOR  LOGIC 

Tha  internal  dock  oscillaior  suppkaa  tha  bma  base  tor  tha  baud 
rata  ganarwor.  Tha  oadSator  can  be  dnvan  by  a  cryMi  or  an  exter¬ 
nal  dock. 

Tha  baud  rata  generator  may  be  diaablad  by  connecting  XTAU 
to  giound  and  leaving  XTALO  open.  Whan  this  is  dona,  a  trans- 

mrttst  tknaa  10  etodt  must  be  input  ■  TkC  a  lacaivaf  timaa  16  dock 

must  be  input  at  RxC  and  the  Control  Ragisiais  must  be 
programmed  to  salsa  hcC  and  RxC  docks. 


ThMa2.  OaUBuaBunsrSiMMiiaty 


ai 

I 

! 

1 

1 

L  L 

H  1 

X  H 

wrasMods  — ih-Smb 
'  Raad  Mods -Oiaput  Daw 
Dsssuctsd  — ThStaw 
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ngural.  OACiA  Mock  Otagnm 
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Dual  Asynchronous  Communteattons  IntarfSce  Adapter  (DACIA) 


Ihbta  3.  OACIA  R*gisttr  SaiACtlen 


AccMMtd 


MfrtM 


1.  07  muK  M  Mt  low  to  anli  « IIM  ConM  RagifWrt. 

2.  07  muM  M  Ml  htgn  as  rnum  10  Vw  Farm*  n«gm»fi. 

3  ConMnofmrOiltimjmootoiioO^ooecmmoComooroRogimor. 

4  Conirel  RaguMr  M  6  muol  M  Ml  to  1  a  accoM  mo  AuiiKary  Comat  Wognar 


HEX 

m2 

mi 

mo 

SyalMl 

NaiM 

Symbol 

Homo 

t 

L 

L 

lERl 

imonupl  Enaoa 
Bogaar  i 

ism 

Imarrua  Stalus 

Bailor  1 

cm 

Comal 

Bogmoi' t’ 

csm 

Comal  Staua  ; 

FBI 

Fornwl 

R*g)«*r  l> 

Bagiaai  t 

GOBI 

CompamOaia 

Bogimr  1> 

i 

N0tU8«)  1 

1 

1 

acbi 
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Bogaar  l< 

3 
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H 

T0R1 

Tianinw  Oaa 

Bogiaar  t 
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Bagiaar  i 

4 

H 

L 

L 

IER2 

inarrupi  Enaoa 
Bagiaar2 

ISB2 

imanua  Siaua 

Bagiaar  2 
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Comal 

Bogiaar  2* 

CSB2 

! 

Comal  Staua 

FR2 

Forma 

Bogiaar  2* 

Bagiaar  2 

■ 

C0B2 

CompoaOaa 

Bogiaar  2* 

NauaaO 

, 

■ 

ACR2 

AuxiNoiy  Conmo 
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T0B2 

TfonomitOau 

Bogioar2 

B0B2 

Bacano  Oaa  j 

Bagiaar  2 
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SERIAL  DATA  CHANNELS 

'IVm  indapandant  sarial  data  channata  ara  avaiiabla  for  tha  full 
duplax  (simultanaoua  iranamit  and  racaivo)  tranafar  of  asyrt- 
cfuonoua  framaa.  Saparaia  intamal  ragiaws  ara  previdad  for  aaefi 
channal  for  ttM  aafacnon  of  frama  paramaMra  (numbar  of  biti  par 
charactar.  parity  opiiona.  ate.),  statua  llaga,  intarrupt  corttrol  and 
handahaka.  Tha  aaynchronoua  frama  format  la  afiown  in  Figuta  4. 

ifanamit  data  from  tha  boat  ayaiam  la  loadad  imo  tha  Tfanamrt  Data 
Ragiatar.  Prom  thara.  it  a  tranafanad  to  tha  Danama  Shift  Ragiaiar 
whara  it  la  ahiflad.  LSB  firat,  onto  tha  IkO  lina.  AH  tranamiaawna 
bagin  with  a  start  bit  and  and  with  tha  uaar  salactad  numbar  of 
stop  bits.  A  parity  bit  is  transmittsd  bsfora  tha  atop  bit(s)  if  parity 
lasnablad. 


is  high  and  tha  Ihutamit  Shift  Ragiatar  la  atnpty,  tha  ttwiammar 
(aaeapt  for  Echo  Moda)  is  mhibitad.  Whan  SIS  la  low.  tha 
tranamittar  la  anablad. 


Rgura  4.  Aaynchfohoua  Fraiwa  Fatmai 


Racaiva  data  la  shiflad  imo  tha  Racaha  Shift  RagiaMr  from  tha 
aaaoctaisd  RxO  Nna  Start  and  sBp  bits  ara  atnppad  ftorn  tha  frama 
and  tha  data  la  ttansfarrad  to  tha  Racawa  Data  flagi  star.  Rwttybita 
may  ba  diacaidad  or  storad  in  tha  ISR. 

Fiva  I/O  Hnaaara  previdad  tor  aaeh  channal  tor  handahaka  with 
tha  data  eornmunleatiotw  aquipmant  (BCE).  Four  of  thaaa  signala 
(RTS.  SfTT.SSR  and  BSC)  ara  ganaraipurpoaa  inputs  or  outputa. 
Tha  fifth  signal.  STS.  anaofaatoiaabtas  tha  tranaminar.  Whan  STS 


INTERNAL  REOWTERS 

Tha  DACIA  contains  tan  contiol  lagNisra  and  tour  status  ragaisis 
in  addition  to  tha  transmit  and  racawa  ragiMsii.  Tha  Control 
flagialsrsproiitda  tor  control  of  frama  paramawfi.  baud  rasa,  iniar. 
njpt  ganaraiton,  hanrtahaka  Hnaa.  tranamtaaksn  and  lacaption.  Tha 
status  ragtarapwirida  statua  intormtoton  on  aanama  and  laeaiva 
ragiatara.  anor  conditlona  and  intarrupt  soureaa.  'tobfa  4  aumma. 
rizaathabitdaftnitionaofthaaaraglatata.  ArtataHaddaacnptioo 
totloatt. 


TMaA.  Raglaiar  Fonnats 
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INTERRUPT  STATUS  REGISTERS  (ISR1,  ISR2) 

Th«  imarrupl  Statu*  R«gi*t*rs  ara  raad-only  ragistar*  indicating 
ih*  statu*  ol  aacit  intarrupt  sourca.  Bit*  6  througti  0  ara  sal  wftan 
tha  indicatad  c  tditicn  has  occurrad.  Bit  7  is  sat  to  a  i 
any  sourca  bit  i*  sal.  or  if  Echo  Mod*  is  disaOlad,  whan  CT% 
I*  high. 


1  1 

7 

S  i  S  '  4  :  3  ‘  2 

1 

0 

ANY 

[ 

BIT 

TORE  CT5T  OCBt  1  OSRT  PAR 

P/ore 

SET 

!  I 

1  1  1 _ 

Addi***  -  a* 
BH7 


nasal  Valua  •  t  ■  00000  ■ 


AiiyMSat 

Any  bit  (6  through  0)  has  boon  sat  to  a  1  or  STS 

IS  high  with  acho  disabtad 

No  bits  hav*  boon  sat  to  a  1  or  acho  is  anaUad 

IVanaiiM  Data  RagMar  Empty  (TOrm 
Transmit  Data  Ragisiar  is  ampty  and  STS  is  low 
Ifansmit  Data  Ragiatar  is  full  or  STS  i*  high 

IVanaWen  On  CT8  Una  (CtST) 

A  poadhia  or  nagativ*  transition  has  occurrad  on 

crS 

No  transition  ha*  occurrad  on  CfS.  or  iSR  ha* 

baan  Raad 

DanaWen  On  OOS  Una  (OSliT) 

Apoaitiva  or  nagabva  iranaition  ha*  occurrad  on 

6C5  _ 

No  tranaition  has  occurrad  on  OCO.  or  ISR  has 


ttanaWon  On  DSR  Una  (OSRT) 

AfoMva  or  nagabva  tranaition  ha*  occurrad  on 
OSR 

No  iranaiilon  ha*  occurrad  on  OSR,  or  ISR  ha* 

baan  Raad 

RM«ySlBltM(MR) 

ACRbMO  -  0 

A  parity  arror  has  occurrad  in  raeahrad  dam 
No  partly  arrar  ha*  cocunad,  or  th*  Racahr*  Oma 
n*gi*iar  (ROR)  has  baan  Raad 
ACRMO  >  t 
Pantybil  -  1 
Parity  b«  •  0 


Piama  Bnor,  Ouamin,  Braak 
-mA  framing  arror.  racanm  ouarrun.  or  lacama  braafc 
haa  occurrad  or  ha*  baan  dstactad 
No  arror.  ovarrun.  braak  ha*  occurrad  or  ROR 

has  baan  Raad 

Raaatir*  Data  RagMar  PuB  (RORP) 

Racaiva  Data  Ragiatar  is  full 
Racaivs  Oats  flagistar  is  amply 


INTERRUPT  ENABLE  REGISTERS  (IER1.  IER2) 

Th*  Intarrupt  EnabI*  Ragiatar*  ara  wntaonly  ragiatars  that 
anablaWisabt*  th*  llTQ  sourca*.  iR3  sourca*  ar*  anabisd  by 
writing  ID  an  lER  with  bd  7  sat  to  a  1  and  tha  bit  tar  mary  iRQ  sourca 
to  ba  anablad  sat  to  a  l.  sourca*  ara  diaablad  by  writing  to 
an  IERwithbit7r*s*ltoa0andth*bittor*«*ry*ourcatob*dis- 
ablad  sat  to  a  1 .  Any  sourca  bd  raaat  to  0  is  unaftaclad  and  rsmam* 
in  Its  original  staia.  Thus,  writing  I7P  to  an  lERdlsabfa*  ad  o<  that 
channal'*  intarrupt*  and  writing  an  SFF  to  an  lER  anabi**  all  of 
that  channal'*  iidamipls. 


7 

• 

s 

* 

3 

2 

1 

SET 

TORE 

515t 

SSSt 

KRt 

RAR 

p)on 

BITS 

IE 

IE 

IE 

IE 

IE 

IE 

1  EnaU*  salactad  IRQ  sourca 

0  Disabla  ssisetad  IRO  sourca 

■NaM 

1  Salact  tor  anablatdlaabta 

0  Nochanga 

CONTROL  STATUS  REOMTERS  (CSR1,  CSR2) 

Tha  Control  Statu*  Ragisiar*  ar*  road-only  rsgi*i*i*  that  prowda 
I/O  status  and  arror  condition  ddonmacn.  A  CBR  is  normally  raad 
sAar  an  iRS  has  occurrad  to  dstarmina  dia  Skaci  cauas  ol  tha 
intarrupt  condition. 


PE  TUR 
Mr***  •  Id 


SIS  SOS 

LVL  LVL  LVL 


LVt.  LVl. 


Rsasivaiu*  •  I  — oil 

Fromittg  Error  (PE) 

A  framing  arror  occurrad  in  racaiva  data 
No  fttahing  arror  eocunad.  or  tha  ROR  raas  raad 

TttamlWar  Undartun  (TUR) 

Tlaitairid  Shut  Ragislsr  a  amphr  and  TORE  a  sal 
irwmns*  9ivn  Pisgw*  m  noi  wiiiiiy 

STf  Laaai  (CTf  U/L) 

CTSlinaahigh 

CTSiinoalow 

029  Ural  (CSJUfL) 

DC6  Una  ia  high 

0(Sllnaataw 

0BlL*rat(0aiUIL) 

OSRllnaahigh 

OSRHnaatow 


A  Raoarva  Braak  haa  ooeurrad 

No  naeakia  Braak  occurrad.  or  ROR  i 

0niLmial(PnfUfL) 

OTWHnaahigh 

STR  Nno  id  loar 

ilTiljsral(IRiun.) 

ptfS  Hna  ia  high 

RTSunatalow 
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CONTROL  REQISTER8  (CR1,  Cfl2) 

T>i»  Conool  ntguww  tm  wrm<intr  fgun.  TTny  eemra  iccMi 
to  th«  Auxiliafy  Control  RoglMr  tnd  tti«  Compart  Data  Ragiaiar. 
Thay  talact  tPa  numbar  ol  flop  tMiB.  control  Echo  Moda,  and  aaMei 
thadaiaraia. 


FORMilT  RCQItTim  (PRI,  FR2) 

Tha  Formal  RagMara  ara  wnlo-only  ragiatara.  Thay  aalaci  ma 
numpar  ol  datt  bda  par  cnaracMr  and  pa^  ganarabomcnaeiiing 
opoona.  Thay  aiao  control  PRS  and  OTR. 


(Accaatad  whan  M  7  >  0) 


(Aacaaaad  whan  M  7  a  1) 


i  ] 

4 

f  J  J  1  0 

I  ° 

CORPCRj  ^ 

ECHO 

1 

BAUD  RATE  SEL 

Mdrtw  •  Id  RaM  vhlua  •  0 


M7 

Conifol  or  Format  Raglatar 

0 

Accaaa  Control  Ragiatar 

MO 

COR/ACR 

1 

Accaaa  tha  Auxiliaiy  Control  Ragiaiar  (ACR) 

0 

Accaaa  tha  Compara  Data  Ragiaiar  (COR) 

MS 

Nianbar  dt  Step  Ma  Par  Charaetar 

1 

7*0  aiop  bNa 

0 

Onaalopbii 

M4 

KctM  MOdE  SElECtlOfI 

1 

Echo  Mods  EnabM 

0 

Ectw  Mmft  iHurtEd 

MaM 

Sind  flElt  AMdeilon 

1 

2  1 

0 

(Ma  par  aaeond  with  3.8184  MMa  cryataO 

0 

0  0 

0 

SO 

0 

0  0 

1 

tOO.2 

0 

0  1 

0 

13488 

0 

0  1 

1 

ISO 

0 

t  0 

0 

300 

0 

1  0 

1 

800 

0 

1  1 

0 

1200 

0 

1  1 

1 

1800 

1 

0  0 

0 

2400 

1 

0  0 

1 

3800 

1 

0  1 

0 

4800 

1 

0  1 

1 

7300 

1 

1  0 

0 

9800 

1 

1  0 

1 

10200 

1 

1  1 

0 

38400 

1 

1  1 

1 

Exiamal  IkC  and  RxC  X18  Clociw 

'  •  » 

4  1 

* 

1 

0 

1  OAIA 

I  8IT8 

PAR 

SEL 

PAR 

EN 

om 

CNTL 

CNTU 

Addmt  •  Id  naMi>Mua>i 


WI7  Conhol  or  Farmal  RagMar 

1  Accaaa  Formal  RagMar 


■NaM  NuniRar  of  Data  Ma  Par  Chanetar 

•  S 

0  0  5 

0  1  6 

1  0  7 

1  1  8 


Ma4-8  Fathy  Mada  «alactlan 
4  8 

0  0  OddParlty 

0  1  Evan  Parity 

1  0  Mam  in  Parity  bN 

1  1  Spaca  in  Partly  bH 


M8  PwWyEnaRla 

1  PantyaaapacifladbybiiaA^ 

0  NoRwiiy 


Ml  Smcanttal 

1  SalSRlNgh 

0  SaiOtAlow 


MO  Rif  ConM 

1  Sal  RT^  high 

0  SalRISlow 
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oau  moisTtfw  (Coai,  coaa) 

ftM  Cotnpv*  OM  n«gitMrt  am  «rrtt»«nly  ragMan  which  can 
MggeaaaadwhanCRbitS  >  aBywrihngavaiuainiothaCOfl. 
M  OACIA  ia  put  in  tha  eompara  moda.  In  thia  moda,  aanng  o(  tha 
nORI°  bit  la  mhibiMd  undl  a  charactar  ia  racahMd  which  matehaa 
tna  vaKM  m  tfta  COA.  TTia  naat  characiar  ia  than  lacaivad  and  (ha 
pQAF  bit  la  aai.  Tha  racawar  wW  now  oparaaa  normaWy  until  tha 
COfl  ia  •fl*''’ 

(Central  NagMarbMt  -  0) 

ri  a  a  4  3  2  i  a” 

f - coMmneoATi 

M«aat  •  2.1  Raan  \Mua  . . 


OPERATION 

TEMIINATION  OF  UNUSCO  INPUTS 

Noiaa  on  floating  Inputa  can  atfact  chip  oparatlon.  AM  unuaad 
inputa  muai  ba  tarminatad.  If  tha  baud  rata  ganaraiar  ia  bypaaaad. 
XTAU  muat  ba  connactad  to  ground  (XTALO  ia  an  output  and 
muat  ba  lah  opan).  If  tha  axtamal  dock  moda  ia  not  uaad.  RxC 
and  TxC  may  bo  tlad  aiihar  to  or  to  ground.  If  tha  handahaka 

inputa  ara  not  naadad.  tha  CT8  inpunahouM  ba  Had  low  to 
anabla  tha  tranamittafa.  Tha  BCD  and  dSA  Inputa  may  aitharba 
Had  high  or  low. 


MinUAPT  CONTNOL  MOMTSflt  (ACN1,  ACM) 


Tha  AuxlHaiy  Control  RagMara  ara  wrlta-only  ragiatora.  Bita  7-2 
^  iMMd.  Bit  1  cauaaa  ma  ttanamMar  to  tranamll  a  BREAK.  BM  0 

juniikiiaa  whathar  partly  aimr  raffia  parity  hit  la  rMaplayail  In  lin 

OHM. 


(Control 


Noruseo 


I  24 


but  ■  1) 


TANB 

BMK 


PAN 

CRNAT 


•  00 


RCSCT INITIAUZATION 

During  prraar  on  intUallaHHon.  aM  raodabla  ragloMra  ihould  ba  raad 
to  aaaura  that  tha  amua  ragiaiara  ara  iniUaHiad.  SpacHicaMy,  Hia 
RORF  ba  ol  tha  imaiTupi  BMua  RagMara  ia  not  MHaflaad  by  laaaL 
Tha  Racahiar  Data  RagMara  muai  ba  raad  to  daar  Hila  bN. 

I  ufiB  V  Qwnno  oray  on  w  vraDon  Qi  vW  oonvipofXpnQ 
TOR  from  fufl  to  amply.  InrHaMailon  aoNwara  muat  acoouni  lor  Hka 
occuironcai 


•mm  NolUaod 

•HI  -BanamllBraalirrfWSBRK) 

1  llanamiioantlrHrauaBraak 

0  Normal  trananHaaion 

•••  Parity  BfraifBMla  (WAN  BWHfST) 

1  SandvaluaofpMitybNiolSRbli2(AddraM 

nV0P9*****^  tnoOTi 

0  SandRaniyErroraiaMtolSRbit2 


BAUD  lure  CtOCK  OPTIONS 

TharacaNarandtranamitiofclocMmayoaauppliadaitharbyBia 
intamalBaudRalaQanaraiorofbyuaarauppliadMttmalclociii 
Boot  channala  may  uaa  ma  aama  dock  aourea  or  ana  (iwqr  uao 
Hia  Baud  Rata  Oonomor  and  tha  olhar  chonnal  Miamal  docM. 
If  bcdi  channala  uaa  Hia  Baud  Raia  Oar  iaralor.aachc>ianrM  may 
hara  a  diflarani  bit  raM  Tha  opOona  ara  ahown  in  FIgura  & 


WCOVB  OAIA  wonmis  (MMI,  NOM) 

Tha  Raoahra  Data  RagMara  ara  raadonly  ragMara  which  ara 
loadad  with  tha  racahrad  data  charactar  of  aachfrima  Start  bM 

bwmB  aaMwMBM  SaiSB  mmm  MPaBaaa^^MB  jiAS  aaS  IwMMMaaAaMa  Aobbi^^^b 

ilBP OWw  PVnj  DWVVVIpINQ On  0<  NaOOVfWIQ imriOT 090fV 

tha  data  P  tranaNcrad  from  tha  RacaNa  Shdl  RogMar  to  tha 
Wtiaiia  Data  RagMar  For  charactara  of  laM  than  alght  bita.  tha 
unuaad  bM  ara  tha  high  ordar  HM  which  ora  aoi  to  a 


■as  LBS 


1 

a 

NBCttVCOAIA 

Maaaa  «>7  Naa«  vama  •  00000000 


TRANSMrr  OMA  NBOMTIM  (TONI,  TOM) 


An  Mamol  dock  oacMMor  auppMaa  tha  Hma  boaa  tor  tha  Baud 
Rata  Qanaratof.  Tha  oadHator  can  ba  drivan  bya  cryaM  or  an 
arctamal  dock. 

If  010  onchip  oadMlor  ia  drivan  by  a  cryaW,  a  poralM  raoonam 
cryaM  la  oonnocaad  baiwaan  oia  XTAU  and  XTALO  pma.  Tha 
aquhralant  oacMIator  drcull  ia  ahown  in  Figura  a 

A  paraial  laaonant  cryaM  la  apadllad  by  M  load  capacMnoa  and 
aarlMraaonaniraaMBnoai  For  proparoacMMor  oparatlon,  Oia  load 
eapadianoa  (CO.  atnoa  laaManoa  (RJ  and  tha  cryaM  raaonant 
fraduancy  (F)  mutt  maat  tha  foMoarlng  two  raMlorwt 

{C  *  3)  mICt.  or  C-2Ci-2 


inv  ifWnii  uvB  w  wnvwwy  liTiicn  w 

ttadadkomPiaCPUwflhdatatobaoanamiMd.Rordatachatac- 
Mi  oliaMHian  alght  bba.  tha  unuaad  biia  ara  ttia  (Ugh  ordar  bM 
wMchaia'donlcara". 


R<  *  Rm 


2)«1flP 

(FOt)* 


whara;  F  ia  Mi  AlHi.-  C  and  C«.  ara  in  pF;  R  la  in  ohma. 


6 


1b  Miict  A  pvilici  fMonwn  ciyvHri  Ibf  th9  oicMiof^  flm 
tha  lead  capacMnca  from  a  cryaM  manutacturar'a  catalog.  Nam. 
caleulaia  Rm  baaad  on  F  and  Ci..  Tha  aataetad  cryaM  muat 
hauo  a  Ri  laoa  than  Uia  Rm. 
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Adapter  (DACIAN 


1«  n  TkMUOiUn 


1«  *  IklMJOMiri 

uiHr- 

1«  «  RlMUOlUfl 

iniL- 


minn. 

1«  <  AiMIIOfUra 

liuirir 


mniwM.  CLOCK 
OtOLUnOR  IMMIUED 


IhC 

IbiC 

1. 

I  iwm  1/M  DiC  Input 
Wmlwr  hPMp  IMP  1/M  K»C  Input 


ChPiiMtl  ttPuPiPMIpnwi 
ClIMMt  a  bPUP  IPM^ 


Mi  M  01  on  atM  CRI  muM  bP  Mt  IP 


■.  SpOi  CMiWPit  Upp  faMfiMI  OpcPR 


OOCKMPUT 


XTKU 


XTUO 


The 


n*e 


ngms. 


OpIlOM 
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ngumC 


^  of  ID*  cryMai  mu«  b«  Mw  man 


2xl0» 

(3M64«22)> 


304ofima 


It  tha  oiKhip  oaciliator  la  drtvan  by  an  aMamal  dock,  tha  clock 
la  input  at  XIALI  and  XTALO  la  Ml  opan. 


An  intamal  eountaddlvidar  circuit  dividaa  ttia  fraquancy  input  at 
X1AU  by  ma  divlaor  aalactad  in  blta  3  miougfi  0  of  tlta  Control 
RagMata.  IhMa  5  Haaa  ma  dMaota  mat  may  ba  aalaelad  and  ahowia 
ttta  bit  raiaa  ganaraiad  wMtt  a  3Ja64  MHz  cryaial  or  dock  Input. 
Otltar  bit  raiaa  may  ba  ganaratad  by  changing  tha  dock  or  crya- 
tal  fraquancy.  Howawar.  tha  input  fraquancy  muai  not  anaad 
4  MHz. 


For  axantplA  H  Ci.  >  22  pF  for  a  3M84  MHz  parallal  raaonani 
cryaial.  mart 

C  ■  (2x22)  -  2  •  42 pF (uaa aiandard  valua of  43 pF) 


For  •itamal  dock  oparaUon,  a  tranammar  tknaa  16  dock  muai  bo 
auppHad  a  DrC  and  a  lacahar  tknaa  16  dock  muai  ba  Input  d  flxC 
Sinoa  Ihaia  aia  aaparaia  raoalvar  and  nnaniNMr  dock  kiputt,  ma 
racalvor  data  raia  may  ba  dHiarom  from  ma  tranammar  data  ran. 


1hMa6.  iaud Wan Qanaraloi Dhrfaor lalacMon 


Canaal 

1110 

OMaorOataMad 

FarTlia 

Intamal  Caunaar 

WWi  a  Cryaial  arOaaa 
ofFraquawyF) 

0  0  0  0 

73.720 

(3.0004x10^773,720  •  50 

1773.723 

0  0  0  1 

33.630 

(3.0004  xtOhlSOM  •  10020 

H334J0 

0  0  t  0 

27.400 

(3.fl004x  1I7V27.400  •  134  50 
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CONTINUOUS  DATA  TRANSMIT 

In  th«  nonnal  opaming  mod*,  tha  TORE  bit  In  tha  ISR  signala  tha 
MPU  that  tha  OACIA  la  raady  to  accapi  tha  naxl  dau  word.  An 
occura  on  tna  tranaiUon  of  tha  TOR  from  full  to  amply  if  tha  corra- 
sponding  TORE  IRQ  anabla  bit  la  sal  in  tha  lER.  Tha  TORE  bit 
is  sal  at  tha  baginning  of  tha  start  bit.  Whan  tha  MPU  writas  a  word 


to  tha  TOR  tha  TORE  bit  is  daarad.  In  ordar  to  maintain  cominu 
ous  transmission  tha  TOR  must  ba  loadad  batora  tha  slop  bit(s. 
araandad.  1/16 at  a  bit  timaafiar  IRQ goaskwii.  tha  IRQ  iina  may 
ba  roast  by  loading  tha  ISR.  iR5  vnll  always  rssai  whan  data  is 
wnttan  to  tha  TOR.  Bgura  7  shows  tha  ralalionship  batwaan  IRQ 
and  IkO  for  tha  Continuous  Data  Itansmit  mods. 


Flgufa  7.  Cantlnuoua  Data  Itanamit 


TRANSMIT  UNOCRRUN  CONDITION 

If  tha  MPU  Is  unaWa  to  load  tha  TOR  batata  tha  ia«  atop  bit  is  ssni. 
tha  IkO  lina  goaa  to  tha  MARK  condition  and  tha  undarrun  flag 


(TUR)  is  sat.  This  condition  parsisls  until  tha  TOR  is  loadad  with 
a  now  word.  Piguia  8  shows  tha  rotation  batwaan  IRQ  and  HiD  tor 
tha  fVansmit  Undarrun  Condition. 
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R65C52 _ Dual  Asynchfonoua  Communicatlona  Interface  Adapter  (DACIA) 


TRANSMIT  BREAK  CHARACTER 

A  BREAK  may  ba  tranamittad  by  salting  bit  1  of  tha  ACR  fTtana- 
mit  Braak  bit)  to  a  t.  Tha  BREAK  is  transmittsd  sftar  tha  charae- 
tar  In  tha  tlansmlt  Shift  Raglatar  la  sant.  If  thara  is  a  cnaractsr  m 
tha  TVansmit  Data  Raglatar.  it  will  ba  tranamittad  aftsr  tha  BREAK 
la  larmlnaiad.  Tha  'Transmit  Braak  bit  muat  ramaln  sat  for  at  laaai 


ona  charactar  tima  to  aaaura  that  a  propar  BREAK  la  tranamitiad. 
If  tha  Danamit  Braak  bit  la  claarsd  bafora  ona  charactar  tima  of 
BREAK  haa  baan  tranammad.  tha  BREAK  will  ba  tarminaiad  afiar 
ona  charactar  Uma  haa  alapaad.  If  tha  Dwiamil  Braak  tan  la  daarad 

altar  ona  charactar  tima  of  BREAK  haa  baan  tranamitiad.  tha 
BREAK  will  ba  tarminaiad  immadlataiy.  Rgura  9  shows  tha  raia- 
tlonshlp  of  IVO.  iR3  and  ACR  bit  l  for  varioua  BREAK  options. 


HgursA  tVanamlt  BREAK 


ET^CTB  Of  CTB  ON  TRANSMITTER 

Tha  CTS  control  Una  centrola  tha  tranamiaaion  of  data  or  tha  hand- 
shMng  of  data  to  a  “busy"  davtca  (such  as  a  pnmsr).  Whan  tha 
STS  lina  la  low.  tha  tranamittar  oparaiaa  normally.  A  high  oondl- 
UoninhlMaihaTOREbillnthalSRfiombacomingaai.'lfanamia- 
ajonofthawordcurranttyinthartlfiraglaiariacompiaiadbutany 
word  In  tha  TOR  «  hald  untU  CTS  goaa  lm>. 


Any  transition  on  STS  aaia  bit  9  (CIS  I )  of  tha  ISR  AhlghonSTS 
fOKm  bit  6  (TORE)  of  tha  ISR  to  a  Qi  BH  7  of  tha  IBR  alao  goaa 
to  a  1  whanCTSiahlgh.  if  EchoModaladlaabiad.  Thua.  whan 
tha  ISR  is  saoi  It  maana  that  CTS  la  high  and  no  iniarrupi  aourca 
raquiraaaatvteaApwiraaaoriniarruptwllnoibaganara^unaaf 
thaaa  circumsiancaa,  but  an  ISR  polling  rouUna  should  accom- 
modatathio. 
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R65C52  Dual  Asynchronous  Communications  interface  Adapter  (OACiA) 


ECHO  MODE  TIMING 

In  the  Echo  Mod*.  th«  lyo  lin*  r*-tr«nsmits  the  data  recaivad  on 
tha  RxO  lin*.  dalayod  by  1/2  o(  a  bit  tima.  An  mtomal  undarrun 
moda  mual  occur  batora  Echo  Mod*  will  atari  transmitting.  In  nor¬ 
mal  transmit  mod*  if  TORE  occurs  (indicating  and  at  data)  an 


undarfkMi  flag  would  ba  sat  and  continuous  Mark  transmittad.  It 
Echo  IS  initiatad.  th*  undarhow  flag  will  not  b*  sat  at  end  of  dau 
and  continuous  Mark  will  not  b*  transmittad.  Figure  It  shows  the 
relationship  at  RxO  and  1kO  lor  Echo  Mod*. 


CONTINUOUS  DMA  RECEIVE 

Th*  normal  racaiva  mod*  sate  ih*  RORF  bit  in  (h*  ISA  whan  th* 
OACIA  channal  ha*  rscaivad  a  lull  data  word.  This  occur*  at  about 
ih*  9/16  pomi  through  th*  stop  bit.  Th*  procaasor  must  raad  the 


Ron  bstbraih*  neat  Skip  bit.  or  an  OiiartunarrDr  occurs- Figure  12 
shows  th*  rataUcnahip  bstwaan  iRQ  and  RxO  tor  th*  continuous 
Oata  Racatv*  mod*. 


ngiw*  12.  ConOtiueiia  Mi  Racatse 
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R6SCS2 _ Dual  Atynchronom  Comwuntoatlon«  Interface  Adapter  (DACIA) 


EFncrs  OF  OVERRUN  ON  RECEIVER 

If  tiM  pfocMaor  dOM  nol  rMd  th«  Ron  b«to(«  tlM  stop  bit  at  th« 
iNKt  wont,  an  ovorrun  omr  ooeufs,  tho  ovsrrun  bit  is  SOI  in  tho  ISR, 
and  tha  now  data  word  is  not  transforrad  to  tha  ROR.  Tha  ROR 


contains  tna  last  word  not  raad  by  ttia  MPU  and  lotlowing  data 
IS  lost.  Tba  racaiMr  wiH  ratum  to  normal  oparaiion  wftan  tha  ROR 

IS  raad.  Rgura  13  shows  tha  raiaUonahip  of  IRQ  and  RxO  whan 
ovarrun  oecuia. 


CMARSfi 


CHARm  *  I 


CHAR  ffl  *  2 


CHARSii  *  3 


Plgura  13.  Eflaeis  of  Owamin  on  Racahraf 


RECEIVE  aREAK  CHARACTER 

Whan  a  Biaak  charadar  is  raoaivad.  tha  Braafe  bit  is  sal.  Tha 
raoahiar  doas  not  tat  tha  RORF  bK  and  ramaina  in  this  siata  until 
a  Slop  bit  Is  raeofiiad.  At  this  dms  tha  iWM  charaetsr  is  iwcaivsd 


normally.  Rguia  uahowsthatalailonahlpofiB8andR»Dfora 
Racalva  Braak  Chaiacisr. 


R6SC552 _ Dual  Asynchronous  Communicattoni  Interlact  Adapter  (DACIA) 

FRAMINa  ERSOfl 

Framing  •rror  It  cauMd  by  ttwabMncaof  slop  bit(s)  on  r«c«<v«d  raAactatMlaadatamioRtracaivad.FigurtlStiioiMltwralalion- 

data.  Tha  framing  arror  bit  it  tat  whan  lha  RORF  bit  is  sat.  Sub-  ship  of  IRQ  and  RxD  whan  a  framing  artor  occuia. 

saquant  dsla  words  ara  tastad  saparsaly,  so  lha  status  bit  always 


RxO 

(CXKCTtO) 


RsO 


STOP  STOP  START 

’  4,  /, 


STOP  STOP  START 


*■^0^  STOP, START 


Wife 


•W  STOP. START 


■s  •< 


Wife: 


1 

1 

_ z 

iX5  1 

u 

7 

JIT 

NOTSS:  t.  PRAMMQ  SRROR  OOSS  HOT 
INtaaiT  RSeeVSR  OPtRATION. 

skip'"* 

1  SIT 

✓ 

2.  IP  NtXT  DATA  WORD  a  OK, 
PRAMMQ  IRROR  a  CUARSO. 

SBISwHHM 

MMH 

MTMT 

ngim  IS.  Framliig  tnor 


MsiTY  fsaoa  oerecT/ADoaESS 
nuuenacoaNmoN 

Tha  Rarity  Stalua  bR  (ISR  bN  2)  may  ba  pregrammad  to  Indicaia 
parity  arrora  (ACR  bM  0  ■  0)  or  to  diapiay  tha  parity  bit  racaivad 
(ACRbMO  -  1). 

In  appScsRona  uRiata  parity  chactdng  la  uaad,  ona  at  tha  parity 
cfiMkinQ  modM  (t  •ntbltd  MClIng  Mi  2. 3  wid  4  of  thi  For* 
mat  RagMar  to  tha  daairad  option  and  bN  0  ot  tha  Auxiliary  Con¬ 
trol  RagMar  la  laaai  to  a  Than,  whan  tha  RORF  bM  (bM  0)  la  aat 
In  tha  I8R.  lha  RSR  bN  (bN  2)  wW  ba  aat  whan  a  pisity  arror  ia 


In  muRMrap  appNeailona,  tha  parNy  bN  la  uaad  aa  an  addraaaMaia 
Sag.NiaaattoitoradaraaaframasandlaOondaBiframaa.For 


this  typa  ot  oparaUon,  bN  0  at  lha  ACR  is  sat  to  a  1  and  bNa  2. 3 
and  4  of  tha  FR  aalsci  a  party  ehscMng  mods.  Than,  ISR  bN  2  wM 
ba  sat  to  a  1  by  incoming  addraaa  fiamss  and  N  wW  ba  a  0  on  data 
framss. 


COMMSEMOOe 

Tha  Compart  Mods  la  automadcaSy  anablad.  l.a. .  lha  channai  is 
put  to  at^  whsnsnar  data  la  wrWan  to  tfia  Compart  Data 
RagMar.  NCnTE:  BN  Sot  lha  Control  RagMar  mual  basal  to  0  to 
•notoli  iCCMi  ID  ttw  Compvi  OMi  RoQiilM’.  Whin  ttw  chifVNi 
is  in  tha  compart  moda,  tha  RORF  bR  (bN  0  of  Sta  IBR)  is  Mead 
toattUponiacalptotamalchlngcharactacnotmalraoatiiaropah 
Mon  rasumaa  and  lha  RORF  bN  (bN  0  of  ttis  ISR)  wW  ba  sat  upon 
rscaipi  of  tha  naid  chaiaciar. 
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(Vce  -  S  \Me  tSH.  Vm  -  0  MAC,  T«  ■  T,,  to  Th,  uniMt  othaniriM  noMd) 
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R65CS2 _ Dual  A«ynchrenou«  Communtcatlon«  Interface  Adapter  (DACIA) 


‘NOTE:  StrMM*  abov*  thoM  lisMd  may  cauaa  parmanam 
damaga  to  tha  davica.  This  la  a  itraaa  rating  only  and  functional 
oparation  at  ma  davwa  at  ttiaaa  or  any  othar  condltiona  atxrva 
thoaa  indicalad  in  ottiar  aactiona  of  thia  documant «  not  tmpliad. 
Expoaura  to  abaotuta  maximum  rating  conditiona  tor  axtandad 
panoda  may  attoct  davwa  raiiatxlity. 


OPERATINQ  CONDITIONS 


Mmaatar 

tyatoal 
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Supply  Vtottaga 

Vcc 

SVtSto 

Ranoi 

COfWIMfCiBl 

induMrMI 
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OIB  Jt)*C 

-«0*C»  ♦88*C 

ABSOLUTE  MAXIMUM  RATINGS* 


— tot 
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VWua 

I 

UnN 
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Vec 
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MAC 

Input  >Mlaga 
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sue 

Output  \Miaga 
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sue 
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I  ! 
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-4010  *8S 

•c 

Storaga  Ttonparatuia  I 

-SSto*tS0  1 

•c 

DC  CHARACTERISTICS 

(Vqc  >  SdO  V  tM.  V((  ■  0,  to  Th,  unlaaa  otharwiaa  noiad) 
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Dual  Aaynchronoua  Communications  Interface  Adapter  (DACIA) 


Appendix  0  -  Ground  plane/Power  board 


Appendix  0  -  Schematic 


Appendix  D  -  PCB  layouts 


Double  Stack  Final  PCB 
Tue,  Sep  12,  1989  5:54  PM 
Component  Side  Scale150%. 
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Appendix  E  -  Filter  board 


♦12V 


Appendix  E  -  PCS  layouts 
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Appendix  E  -  FLT-U2  data 


FLT-U2 
Microelectronic 
Universal  Active  niter 


FEATURES 

•  varlabte  Alter 

•  LP,  BP,  or  HP  functions 

•  2*Polo  rosponso 

•  LowmioIso  oporatlonal  ampilAors 

•  -SS'Cto  ■*•125*0  Oporation 

•  Low  cost 

GENERAL  DESCRIPTION 

The  FLT-U2  is  a  universal  active  filter  man¬ 
ufactured  with  thick-film  hybrid  technol¬ 
ogy.  It  uses  the  state  variable  active  fitter 
principle  to  implement  a  second  order 
transfer  furtetion.  Three  committed  opera¬ 
tional  amplifiers  are  used  for  the  second 
order  function  while  a  fourth  uncommitted 
operational  amplifier  can  be  used  as  a 
gain  stage,  summing  amplifier.  buAer 
amplifier,  or  to  add  another  independent 
real  pole. 

T«w>pole  lowpasa,  bandpass,  and  high- 
pass  output  functions  are  available 
sknultaneousiy  from  three  diAerent  out¬ 
puts,  and  notch  and  allpass  functions  are 

C 'table  by  combining  these  outputs  in 
uncommitted  operational  amplifier.  To 
Izs  higher  order  filters,  several 
n.T-U2’s  can  be  cascaded.  Q  range  is 
from  0.1  to  1 .000  and  resonant  frequency 
range  is  0.001  Hz  to  200  kHz.  Frequency 
stabiity  is  0.01  %/*C  and  resonant  fre¬ 
quency  accuracy  is  within  1 5%  of 
calculated  values.  FrequerKy  tuning  is 
done  by  two  external  resistors  and  Q  tun¬ 
ing  by  a  third  external  resistor.  For  reso¬ 
nant  frequencies  below  SO  Hz,  two  exter¬ 
nal  tuning  capacitors  must  be  added.  Ex¬ 
act  tuning  of  the  resonant  frequency  is 
done  by  varying  one  of  the  resistors 
arouTKl  its  calculated  value. 

The  internal  operational  amplifiers  in  the 
FLT-U2  have  3  MHz  ^in  bandwidth  prod¬ 
ucts  and  a  wideband  input  noise  speciAca- 
tion  of  only  10  nV/^y/Rz!  This  results  in  con- 
siderabty  improved  operation  over  most 
other  competitive  active  Alteis  which 
employ  lower  performance  amplifiers.  By 
proper  selection  of  external  components 
any  of  the  popular  Alter  types  such  as  But- 
terworth,  Bessel,  ChebyWtev,  or  Elliptic 
may  be  designed.  Applications  include 
audio,  tone  signalling,  sonar,  data  acquisi¬ 
tion,  and  feedback  control  systems. 

Two  models  are  available  for  operation 
_ovsr  the  commercial,  0*C  to  -f  70*C,  and 
-S5*Cto  •*•125*0,  temperature 


OATta,  11  CABOT  BOUlfVAnO.  MANSTCLO.  MA  0aO4WTEL  (SIT)  33S«S4irrWX  710O4S-1t63rTU(  W1340IFAX  (SIT)  33SS3S6 
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R.T-U2 


•  EMnS: 


FUNCTIONAL  SPECIFICATIONS 

Typical  at  2S*C,  t  ISV  suppUaa.  unlaaa  ottwrwiaa  atttad. 


RLTER  CHABACTEHISTICS 

Frequency  Benge'* . 

Q  Range' . 

f.  Accuracy . 

ft  Temperature  Coefficient ... - 

Voltage  Gain' . 

0.001  Hz  to  200  KHz 

0.1  to  1  000 
±5% 

0  01'Vb/"C 

0  1  to  1.000 

AMPUFIER  CHARACTERISTICS 

Input  Offaet  Voltage . 

In^  Bias  Current . 

In^  Offaet  Current . 

In^  ImpedaiKS . 

In^  Coin.  Mode  Voltage  Range  . . 
In^  Voltage  Notes,  wWebana . . . . 

Output  Voittge  Range . 

OutjNrt  Current . 

Open  Loop  Voltage  Qain . 

Common  Mode  Ra|ectlen  Ratio  . . . 

Power  Supply  Rejection . 

Unity  Gain  Bandwidth . 

Slew  Rate . 

0.5  mV  typ.,  6  mV  max. 

40  nA  typ..  500  nA  max. 

5  nA  typ.,  200  nA  max. 

5  Megohms 
±  1 2V  min. 

10  nV/vHz 
±  10V  mm. 

1 5  mA  min. 

300.000 

100  dB 

IOmVA/ 

3  MHz 

1  V/^sec. 

POWER  SUPPLY  REQUIREMENTS 

Voltage,  rated  performance . 

VoltSQ#  RflfiQSt  op^fvtlnQ . 

QuieecarM  Currant . 

±l5Vdc 
±5Vto  tl8V 

11.5  mA  max. 

PHYSICAL/ENVIRONMENTAL 

OyaM^  Temperatuia  Range 

FLT-U2M . 

Storage  Temperature  Range . 

Case . 

0“CtO  >70*C 
-55 *010  +125*C 
-55''Cto  +125*0 

Ceramic  1 6-pin  OIP 
(double-spacad) 

FOOTNOTE: 

1  ItO  s  5  X  101  opiiniaNy 

TECHNICAL  NOTES 


1.  The  FLT-U2  has  simultaneous  lowpass,  bandpass,  and 
highpass  output  functiona.  The  chosen  output  for  a  particular 
function  will  be  at  unity  gain  based  on  Tables  II  and  III.  This 
means  that  the  other  two  unused  outputs  will  be  at  other  gain 
levels.  The  gain  of  the  lowpass  output  is  always  10  dB  higher 
than  the  gain  of  the  bandpass  output  artd  20  dB  higher  than 
the  gain  of  the  highpass  output. 

2.  When  tuning  the  filter  and  checking  it  over  its  frequency 
range,  the  outputs  should  be  checked  with  a  scope  to  make 
sure  there  is  no  waveform  dipping,  present,  as  this  will  affect 
the  operation  of  the  filter.  In  particular  the  lowpass  output 
should  be  checked  since  its  gain  is  the  highest. 

3.  Check  fi,  the  cemer  frequency  for  bandpass  and  the  cutoff 
frequency  for  lowpass  or  highpass,  at  the  bandpass  output. 
Here  the  peaking  frequency  can  easily  be  determined  for 
high  O  filters  and  the  0*  or  180"  phase  frequency  can  easily 
be  determined  for  tow  Q  filters  (depending  on  whether  invert¬ 
ing  or  noninverting). 


4. 


Tuning  resistors  should  be  1%  metal  film  resistors  with  100 
ppm/*C  temperature  stabtllty  or  better  for  best  performance. 
Likewise  external  tuning  capacitors  should  be  NPO  ceramic 
or  other  stable  capacitor  types. 


THEORY  OF  OPERATION 


The  FLT-U2  block  diagram  is  shown  in  Figure  1  This  is  a  sec¬ 
ond  order  state-vanable  filter  using  three  operational  amplifiers. 
Lowpass,  bandpass,  and  highpass  transfer  functions  are 
simultaneously  produced  at  its  three  output  terminals  These 
three  transfer  functions  are  characterized  by  the  following 
second  order  equations: 


H(s) 

H{s) 

H(s) 


K, 

S*  -I-  g  S  -K  alo^ 
KaS 

S*  -I-  g  S  + 

S2  +  ^  S  +  U.0* 


LOWPASS 

BANDPASS 

HIGHPASS 


where  Ki ,  Kj,  and  K3  are  arbitrary  gain  constants. 

A  second  order  system  is  characterized  by  the  location  of  its 
poles  in  the  s-plane  as  shown  in  Figure  2.  The  natural  radian  fre¬ 
quency  of  this  system  is  uio-  In  Hertz  this  is  fo  ^ 

2ir 

The  resonant  radian  frequency  of  the  circuit  is  different  from  the 
natural  radian  frequency  and  is: 

b)i  a  (1)0  sin  0  *  vi*>o*  — 

The  damping  factor  d  determines  the  amount  of  peaking  in  the 
filter  frequency  response  and  is  defined  as: 

d  m  cos  0 


The  point  at  which  the  Making  becomes  zero  is  called  critical 
damping  and  is  d  >  v2l?. 

Q  is  found  from  d  and  is  a  measure  of  the  sharpness  of  the 
resonance  of  the  peaking: 


-  3  dB  Bandwidth  2a, 

For  high  Q  filters  the  natural  frequency  and  resonant  frequency 
are  approximately  equal. 

ut,  ^  uiQ  or  fi  ^  fo 

This  is  true  since  «  ijo  sin  0  and  sin  0  =  1  as  the  poles  move 
close  to  the  jw  axis  in  the  s-plane. 

For  high  Qs  (Q  >  1)  we  therefore  have  for  the  second  order 
filter 

fo  =  Bandpass  center  frequency 
=  Lowp^  comer  frequency 
»  Highpass  comer  frequency 

In  the  simplified  tuning  procedure  which  follows,  the  tuning  is  ac¬ 
complished  by  independently  setting  the  natural  frequency  and 
Q  of  the  filter.  This  is  done  most  simply  by  assuming  unity  gam 
for  the  output  of  the  desired  filter  function.  Unity  gain  means  a 
gain  of  one  ( ± )  at  dc  for  lowpass.  at  center  frequency  for  band¬ 
pass.  and  at  high  frequency  (f>  >fo)  for  highpass.  Unity  gam 
does  not  apply  to  all  outputs  simultaneously  but  only  to  the 
chosen  output  based  on  the  component  values  given  m  the 
tables.  Figure  3  shows  the  relative  gains  of  the  three  simul¬ 
taneous  outputs  assuming  the  bandpass  gain  is  set  to  unity. 
Note  that  lowpass  gain  is  always  10  dB  higher  than  bandpass 
gain  and  highpass  gain  is  always  10  dB  lower  than  bandpass 
gain. 
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SIMPLIFIED  TUNING  PROCEDURE 


Select  the  desired  transfer  function  (lowpass.  bandpass,  or 
highpass)  and  inverted  or  noninverted  output.  From  this 
determine  the  filter  configuration  (inverting  or  noninverting) 
using  Table  I. 


TABLE  I  FILTER  CONFIGURATION 


LP 

BP 

HP 

INVERTING  INPUT 
NONINVERTING  INPUT 

INV 

NON-INV 

NON-INV 

INV 

INV 

NON-INV 

2.  Starting  with  the  desired  natural  frequency  and  Q  (determin¬ 
ed  from  the  filter  transfer  function  or  s-plane  diagram),  com¬ 
pute  foQ.  For  foQ  >  10  the  actual  realized  Q  will  exceed  the 
calculated  value.  At  foQ  >  10*  the  increase  is  about  1%  and 
at  foQ  «  10^  it  is  about  20%. 


3.  Inverting  Configuration.  Using  the  value  of  Q  from  Step  2 
find  Ri  and  R3  from  Table  II.  R2  is  open,  or  infinite. 

TABLE  II  INVERTING  CONFIGURATION 


R, 

fl2 

Ra 

LOWPASS 

100K 

OPEN 

100K 

3.80  Q-1 

BANDPASS 

QX31.6K 

OPEN 

100K 

3.48  0 

HIGHPASS 

10K 

OPEN 

100K 
'6.64  Q-1 

4.  Noninverting  Configuration.  Using  the  value  of  Q  from  Step 
2  find  Ri  and  Rs  from  Table  III.  Ri  is  open,  or  infinite. 

TABLE  III  NONINVERTINQ  CONFIGURATION 


r  "  ■  ■  -  ’ 

Ri 

R* 

R3 

LOWPASS 

OPEN 

31 6K 

Q 

100K 

^3.i6a-i 

BANDPASS 

OPEN 

100k 

100K 

3.48  Q-1 

HIGHPASS 

OPEN 

31 .6K 

100K 

Q 

0.316  0-1 

5.  Using  the  value  of  fo  from  Step  2,  set  the  natural  frequency  of 
the  filter  by  finding  R4  and  Rj  from  the  equation: 

R,  .  R,  .  5,03^^ 
fo 

where  R4  and  Rg  are  in  ^ms  and  fo  is  in  Hertz.  The  natural 
frequency  varies  as  and  therefore  one  value  may  be 
increased  and  the  other  decreased  and  the  natural  frequen¬ 
cy  will  be  constant  if  the  geometric  mean  is  constant.  To 
maintain  constant  bandwidth  at  the  bandpass  output  while 
varying  center  frequency,  fix  R4  and  vary  Rj. 

6.  For  fo<SO  Hz  the  intemaTlOOO  pF  capacitors  should  be 
shunted  with  exterrtal  capacitors  across  pins  5  &  7  and  13  & 
14.  If  equal  value  capacitors  are  used.  R4  and  Rj  are  then 
computed  from: 

R4  -  R*  -  S  03  *1010  ppj 

fflC 

For  unequal  value  capacitors  this  becomes: 


R4 


R. 


5.03  X  10»o 

WCfCo 


(C1C2  in  pF) 


In  both  cases  the  capacitance  is  the  sum  of  the  external 
values  and  the  internal  1000  pF  values. 


OUTKfTS  .  p 
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Figure  1 . 

FLT-U2  Block  Olagrim 
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Figure  2. 
S-Plene  Diagram 


Figure  3. 

Retstive  Oaina  of  Shnultaneoua  Outputs,  Q=1 
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SIMPLIFIED  TUNING  PROCEDURE,  (Cont'd) 

7.  This  procedure  is  based  on  unity  gain  output  for  the  desired 
function.  For  additional  gain,  the  fourth  uncommitted  opera¬ 
tional  amplifier  should  be  used  as  an  inverting  or  noninverting 
gain  stage  following  the  selected  output.  See  Figure  4.  A 
third  pole  on  the  real  axis  of  the  s-plane  may  also  be  added  to 
the  transfer  function  by  adding  a  capacitor  to  the  gain  stage 
as  shown  in  Figure  5. 


FILTER  DESIGN  EXAMPLES 


BandfMWS  FiKer  With  1  kHz  Center  Frequency  Q  s  10  and  In¬ 
verted  Output 


1.  From  Table  I  the  noninverting  configuration  is  chosen  to 
realize  an  inverted  bandpass  output  foQ  >  10<  which  means 
the  realized  Q  will  be  about  1  %  higher  than  calculated. 

2.  From  Table  III.  using  Q  «  10,  we  find: 


R,  »  open 
Rj  »  100K  ohms 
R  ,  100K  ^  100K 

^  ’  3.48  Q-1  “  33.8 


2.96K  ohms 


3.  Using  fo  of  1  kHz,  R4  and  Rj  are  found  from  the  equation: 


fl4 


5.03  X  10^ 
1000 


50.3K  ohms 


4.  This  completes  the  filter  design  which  is  shown  in  Figure  €. 
To  choose  the  nearest  1%  standard  value  resistors  either 
49.9K  or  51. IK  ohms  could  be  used;  likewise  one  value  of 
49.9K  and  one  of  51 .1K  could  be  used  giving  the  geometric 
mean  of  «  v4d  §K  x  51. 1K  ■  OT.5K  which  is  even 

closer.  But  due  to  the  fitter  ±  5%  frequency  tolerance  it  may 
be  better  to  hold  R4  constant  while  varying  R5  to  tune  it 
exactly. 


Three-Pole  Noninverting  Butterworth  Low  Pass  FiKer  With 
de  Gain  of  10  and  Cutoff  Frequency  of  5  kHz. 

The  s-plane  diagram  of  the  3-pole  BuKenworth  filter  is  shown  in 
Figure  7.  We  will  use  a  second  order  filter  to  realize  the  two  com¬ 
plex  conjugate  poles  and  the  uncommitted  operational  amplifier 
to  provide  the  third  real  axis  pole  and  a  dc  gain  of  10. 

1 .  From  Table  I,  the  noninverting  filter  configuration  would  nor¬ 
mally  be  used  to  give  a  noninverting  low  pass  output.  In  this 
case,  however,  we  choose  an  inverting  uncommiKed  op  amp 
with  a  gain  of  10  and  therefore  we  use  the  inverting  con¬ 
figuration  for  the  filter..  By  comparing  the  second  order  por¬ 
tion  of  the  Butterworth  function  uqS  to  the  stan¬ 
dard  second  order  function  S>  uoS  -i-  we  find  Q  «  1 
foQ  is  then  5  x  10^  so  that  Q  will  not  exceed  its  specified 
value. 

2.  From  Table  II.  using  Q-«  1,  we  find: 

R,  -  1OOK  ohms 

Ri  -  open 

R  .  «  35.7K  ohms 

3.80  Q-1 

3.  Using  fo  of  5  kHz,  R*  and  Rs  are  found  from  the  equation: 

R4  ■  Rs  -  ^  -  IO.1K  ohms 

5000 

4.  For  the  uncommitted  output  amplifier,  a  gain  of  - 10  is  re¬ 
quired.  This  defines  Rt/R*  >  10  and  we  arbitrarily  choose  R« 
■  2K,  R7  -  20K  ohms. 


c, 


Using  the  Uncommitted  Op  Amp  to  Add  a  Real  Axis  Pole 


8ANOPASS  4 

R4  OUTPUT  P, 

S03K  '  $0  3K 


rVNn 

»a  i  13  I  7  1  5  ’0 


Figure  6. 

Bandpass  niter  Example 


Figure?. 

S-Plene  DIegram  of  3-Pole  Butterworth  Lowpess  Filter 

c, 

.  .  'MOof 


Figure  8. 

Three  Pole  Butterworth  Low  Pass  FHtsr  Example 
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^FILTER  DESIGN  EXAMPLES,  (Cont’d) 


5.  The  final  step  is  to  realize  the  real  axis  pole  of  the  Butter- 
worth  filter.  This  pole  is  at  5  kHz  and  is  set  by  using  capacitor 
Cs  across  the  feedback  resistor  R7: 


C, 


1 

2irfR7 


_ 1 _ 

6.28  x5x  103x20x  103 


1590  pF 


6.  This  completes  the  3-pole  Butterworth  filter  which  is  shown  in 
Figure  8. 


Highpua  FIKer  with  Gain  of  - 1 ,  20  kHz  Cutoff  Frequency, 
and  Critical  Damping 

1.  From  Table  I  the  inverting  configuration  must  be  used  to 
realize  a  highpass  gain  of  - 1 .  An  s-plane  diagram  of  this 
function  is  shown  in  Figure  9.  Critical  damping  requires  the 
pole  positions  to  be  on  a  line  45**  with  respect  to  the  real  axis 
and  this  results  in  no  frequency  peaking.  The  damping  factor 
d  is: 

d  -  cos8  ■  cos  45*  *  0.707 


S- Plane  Diagram  of  Highpass  Filtar  with  Criticai  Damping 


and 


Q 


1_ 

2d 


1 


0.707 


2(0.707) 

Because  this  is  a  low  Q  system  the  natural  frequency  will  not 
be  the  same  as  the  highpass  cutoff  frequency  f,.  From  Figure 
9; 


to 


_L_ 

cost 


20  kHz 
0.707 


28.3  kHz 


Then  fgQ  •  0.707  x  28.3  x  ID*  «  2  x  10*  and  the  Q  will  ex¬ 
ceed  its  desired  value  by  slightly  over  1%. 

From  Table  II,  using  Q  «  0.707  we  find; 

Ri  •  1 0K  ohms 
R]  «  open 

100K  ^  igOK 

6.64  0-1  ”  3.69 


Rs 


■  27. IK  ohms 


3.  Using  fo  ■  28.3  kHz,  R*  and  Rs  are  found  from  the  equation; 

.  R,  -  •  1.78K  ohms 

28.3x103 

4.  This  completes  the  highpass  filter  design  which  is  shown  in 
Fi(pjre  1 0.  When  using  this  fitter,  care  should  be  exercised  so 
that  clipping  does  not  occur  in  the  fitter  due  to  excessive  in¬ 
put  levels.  If  clipping  occurs,  the  fitter  will  not  operate  prop¬ 
erly.  Clipping  wiN  first  occur  at  the  lowpass  output  around  fo 
since  its  gain  is  20  dB  higher  than  the  highpass  output.  The 
signal  level  should  be  reduced  so  that  clipping  does  not  oc¬ 
cur  anywhere  in  the  frequency  range  used.  If  higher  signal 
level  is  required,  the  highpass  output  should  be  amplified  by 
a  gain  sta^  using  the  uncommitted  operational  amplifier. 
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ADVANCED  HLTERS 

All  of  *he  common  filter  types  can  be  realized  by  using  cascaded 
FLT-U2  stages.  This  includes  multi-pole  Butterworth,  Bessel. 
Chebyshev.  and  Elliptic  types.  The  basic  procedure  is  to  imple¬ 
ment  each  pole  pair  with  a  single  FLT-U2  and  cascade  enough 
units  to  realize  all  poles.  Ar  real  axis  pole  is  implemented  by  an 
uncommitted  operational  amplifier  stage.  Each  stage  should  be 
separately  tuned  with  an  oscillator  and  scope  and  then  the 
stages  connected  together  and  checked.  See  Figure  1 1 . 

A  notch  filter  can  be  constructed  in  several  ways.  The  first  way  is 
to  use  the  FLT-U2  as  an  inverting  bandpass  filter  and  sum  the 
output  of  the  filter  with  the  input  signal  by  means  of  the  uncom¬ 
mitted  operational  amplifier.  This  produces  a  net  subtraction  at 
the  center  frequency  of  the  bandpass  which  produces  a  null  at 
the  output  of  the  amplifier.  (See  Figure  12.)  Likewise  lowpass 
and  highpass  outputs  (which  are  always  in  phase)  can  be  sub¬ 
tracted  from  each  other  with  an  external  operational  amplifier. 
The  highpass  output  must  have  some  gain  added  to  it.  however, 
so  that  its  gain  is  equal  to  that  of  the  lowpass  output.  A  third 
method  is  to  use  two  separate  FLT-U2's,  one  as  a  two-pole 
lowpass  filter  and  the  other  as  a  two-pole  highpass  filter.  Again 
the  outputs  are  subtracted  in  an  operational  amplifier.  This 
method  permits  independent  tuning  of  the  two  sections  to  get 
the  best  null  response. 

Further  discussion  of  fitter  designs  is  beyond  the  scope  of  this 
data  sheet  and  the  user  is  referred  to  the  various  texts  on  filter 
design,  some  of  which  are  listed  below. 

Estep,  G.J.,  The  Stale  Variabh  Activa  Filtar  Contiguration  Hand- 
book,  2nd  Edition,  Agoura,  Ca.,  1974. 

Rafaranca  Data  for  Radio  Enginaara,  Howard  W.  Sams  &  Co. 
Inc.,  5th  Edition. 

Christian,  E.,  and  Eisenmann,  E.,  Filtar  Oasign  Tables  and 
Graphs.  McGraw-Hill  Book  Co.,  1974. 


ORDERING  INFORMATION 

OPERATING 

MODEL  TEMP.  RANGE 

FLT-U2  O'C  to  t-  70»C 

FLT-U2M  -  55“C  to  +125*0 
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thru 

MC34a85/MC35085 


HIGH  SLEW  RATE.  WIDE  BANDWIDTH, 

JFET  INPUT  OPERATIONAL  AMPUHERS 

These  devices  are  a  new  generation  ot  high  speed  jFET  input 
monolithic  operational  amplifiers.  Innovative  design  concepts 
along  with  JFET  technology  provide  wide  gam  bandwidth  product 
and  high  slew  rate  Well  matched  jFET  mput  devices  and  ad¬ 
vanced  trim  techniques  ensure  low  input  offset  errors  and  bias 
currents.  The  all  NPN  output  stage  featu'es  large  output  voltage 
swing,  no  deadband  crossover  distortion,  high  capacitive  drive 
capability,  excellent  phase  and  gam  margins,  low  open-loop  out¬ 
put  impedance,  and  symmetrical  source  sink  ac  frequency 
response. 

This  series  of  devices  are  available  m  standard  or  prime  per¬ 
formance  lA  suffixl  grades,  fully  compensated  or  decompensated 
(Avcl*2I  specified  over  commercial  or  Military  temper¬ 

ature  ranges.  They  are  pm  compatible  with  existing  Industry  stan¬ 
dard  operational  amplifiers,  and  allow  the  designer  to  easily  up¬ 
grade  the  performance  of  existing  designs 
e  Wide  Gain  Bandwidth  8.0  MHz  for  Fully  Compensated  Devices 
16  MHz  for  Decompensated  Devices 
e  High  Slew  Rate:  2S  V  ws  for  Fully  Compensated  Devices 
50  V  MS  for  Decompensated  Devices 
e  High  Input  Impedance  I0’2  ii 

e  Input  Offset  Voltage:  0.5  mV  Maximum  iSmgle  Ampiifieri 
•  Large  Output  Voltage  Swing:  -  14.7  V  to  <■  14  V  for 
VCC'^EE  =  I'SV 

a  Low  Open-Loop  Output  Impedance  30  II  m  10  MHz 
e  Low  THD  Distortion:  O  Ol^y 

e  Excellent  Phase/Gain  Margins:  S5°'7  6  dB  for  Fully  Compen¬ 
sated  Devices 


HIGH  PERFORMANCE 
JFET  INPUT 

OPERATIONAL  AMPUFIERS 


psumx 

PLASTIC  PACKAGE 
CASE62S^ 


U  SUFRX 

CEPAMIC  PACKAGE 
CASE  693  02 


osumx 

plastic  package  8 

CASE  751-02 
SO-8 

PIN  ASSIGNMENTS 


OHsei  Null 

ir*vt  input 
Non  nvt  input 

'fEE 


3  NC 

3vcc 

T]  Output 
3  0«set  Null 


S'ngie  Top  View 


VCC 

Output  2 


Duel.  Top  View 


MOTOROLA  LINeAR/INTERFACE  DEVICES 


2-2S3 


MC34080,  MC35080  Series 


MAXIMUM  RATINGS 


1  RMln« 

Symbo* 

Value 

Unli 

Supply  Voltage  (from  V^c  *0  Vggl 

Vs 

>44 

Volts 

.  Input  OiHerent>ai  Voltage  Range 

ViDH 

Note  1 

Volts 

Input  Voltage  Range 

V,R 

Note  1 

Voltl 

Output  Short-Circuit  Duration  (Note  2) 

'S 

Indefinite 

Seconds 

1  Operating  Ambient  Temperature  Range 
MC35XXX 

MC34XXX 

i  Ta 

-55  to  -I2S 

0  to  -70 

1  Operating  Junction  Temperature 

Ceramic  Package 

1  Plastic  Package 

i 

-165 

-125 

c 

,  Storage  Temperature  Range 

1  Ceramic  Package 

1  Plastic  Package 

^stg 

J _ 

-65  to  -  165 
-55  to  -125 

■c 

HOTtS 


1  Either  or  both  >nout  voite^es  mutt  not  exceed  the  magnitude  of  Vqq  or  V£( 

2.  ^ower  ditaipatioh  mutt  be  considered  to  ensure  maximum  junction  temoerature  iTj)  is  not 
exceeded. 


equivalent  CINCUfT  SCHEMATK  (EACH  AMEURERI 


'npuls 


IMC340n.M1l 


MOTOROLA  LINEAR/INTERFACE  DEVICES 


2-284 


MC34080,  MC3S080  Series 


DC  ELECTRICAL  CHARACTERISTTCS  iVc^  •  -  15  v.  Vjg  •  -  'S  V,  •  Tn,„  to  T^.g^  INols  31,  unl««t  oth»n»u«  noi»dl 


Ch«r»cttritttc 

Symbol 

Win 

A  Suffli 

Typ 

Mu 

Mfn 

Mon-Suffli 

Typ 

Mu 

UnN 

inout  Offset  Voltage  iNote  4) 

ViO 

Ta  =  -25C 

— 

03 

0  5 

— 

0  5 

T  0  ■ 

Ta  0  C  to  -  ■’0  C  IMC34080  MC340«t> 

— 

— 

2  5 

— 

— 

30 

T*  .  -SS  CiO  -  '25  C  (MC35080  MC3508'I 

— 

35 

— 

— 

40 

Ouai 

Ta  =  -25C 

— 

06 

■  0 

— 

1  0 

30  1 

Ta  =  0  C  to  -  70  0  |MC34082  MC34083i 

— 

— 

30 

— 

50  , 

Ta  =  -55‘Cto  -  125  C  (MC350a2,  MC350e3l 

— 

— 

40 

— 

— 

60 

Quad 

Ta  =  -25-C 

30 

60 

— 

60 

'2 

Ta  =  O'C  to  -  70‘C  (MC340d4  MC34085) 

— 

— 

80 

— 

— 

14  ' 

Ta  =  -55  CIO  -  125'C  IMC3508*  MC3S085I 

— 

— 

90 

— 

— 

15 

Average  Temoerature  Coefficient  of  Offset  voitage 

AVlOiT 

- 

’0 

- 

- 

10 

- 

*iv  ’C 

Input  Bias  Current  (VcM  =  ^ 

■iB 

Ta  =  -25C 

— 

006 

02 

— 

006  1 

02 

nA 

Ta  =  O'C  10  -  70'C 

— 

— 

40 

— 

— 

40 

Ta  ^  -55  C  10  -  I25'C 

— 

— 

SO 

— 

— 

SO 

Input  Offset  Current  (V^M  ”  ^ 

'to 

Ta  =  -25’C 

— 

0  02 

0  , 

— 

1  0  02 

0  1  ' 

nA 

Ta  s  0*C  to  -  70“C 

— 

—  j 

20  : 

— 

I  — 

20 

Ta  -  -5S’Cl0  '125‘C 

— 

'  — 

25 

— 

— 

25 

Large  Signal  voitage  Gain  (Vq  «  :  tO  v  Pj,  «  2  0  ki 

*VOL 

V  mV 

Ta  -  -25  C 

50 

ao 

— 

25 

:  ^ 

— 

Ta  *  Tio^  10  T^^f, 

25 

— 

—  ' 

5 

i  — 

—  ' 

Output  Voltage  Swing 

VOH 

, 

V 

fl|.  =  2  0  »,  Ta  =  -  25-C 

t32 

137  ; 

— 

132 

.  137  ; 

— 

=.  !0  K,  Ta  -  -25’C 

t34 

t39 

— 

134 

:  139  ■ 

— 

R).  ■  'OH.  Ta  »  T|g*(0Tf,|gn 

t3  4 

— 

— 

134 

—  . 

— 

«L  -  20k  Ta  *  .25-C 

vql 

,  -  14  t  1 

-135 

___ 

■  -14  1- 

-)35 

Rl  '  ’OK-  Ta  ^  -25'C 

— 

;  - 14?' 

-  14  1 

— 

-  14  7l 

-  14  1  i 

Rl_  =  '0  H.  Ta  -  T|q^  (0  Th^ 

— 

—  1 

-140: 

— 

-  '40' 

Output  Short-Circuit  Current  (Ta  »  -  25  Cl 

'SC 

mA 

■npt't  Overdnve  s  t  0  V.  Output  to  Ground 

Source 

20 

31 

— 

20 

31 

— 

Sink 

20 

28 

— 

20 

28 

— 

Input  Common  Mode  Vonege  ^enge 

ViCR 

iVgE  *  4  0)  10 

iVgE  -  4  0)  to 

V 

Ta  -  -25’C 

IVcc  -  2  0) 

Vcc  -  2  0) 

Common  Mode  fleiectton  Ratio  (R3  ^  k  Ta  «  .  2S'C) 

CMRR 

75 

1  90 

— 

70 

90 

— 

dB 

^ower  Suopfy  Rejection  Reno  (Rs  «  too  u  Ta  *  25’C) 

PSRR 

75 

86 

- 

70 

86 

- 

dB 

Power  Suppfy  Current 

'0 

mA 

S.ngia 

Ta  .  -25-C 

-  25  34 

— 

2  5 

34 

Ta  =  T,q^  to  Tf„gf, 

—  -  42 

— 

— 

42 

Dual 

Ta  -  -25’C 

-  49  60 

— 

49 

60 

Ta  ’■  Tio,  to  Tf^ 

-  -  75 

- 

— 

75 

Quad 

' 

Ta  -  -25-C 

—  9  7  n 

— 

9  7 

’  1 

T*  »  T^^  Id  Tftrtl 

—  -  13 

- 

— 

’3 

Nons  (CONTiNuiO) 

1  3-  r,_  .  -  S9*c  for  MC39080>  T,^  a  irC  for  MC340eo.A 

Thigh  “ 

-  129X  fpr  MC390e0> 

Thigh  ■ 

>  70*C  for  MC340e0A 

MC360eiA 

MC34Qei  A 

MC39CeVA 

MC340ei.A 

MC3S0e2.A 

MC340e3> 

MC340t2A 

^  MC39at3> 

MC34063> 

MC3W61A 

MC340e3.A 

MC3S064> 

MC340e4.A 

MCOSOUA 

MC34Qe4  A 

Mcasoes.A 

MC340tS.A 

MC390eS> 

MC34CK.A 

4  See  eopticaiion  information  for  ryp>cji  cnanget 

<n  'nout  offset  voltage  due  to  setderee'i'ty  and  temperatura  cycling 

5  Limits  at  Ta  -  -  25*C  ara  guaramaed  Ov  n»en  itmperature  tTh,g^neftmp 
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Vkr.  MfUl  COMMON  MOU  VCHIAGC  MNGi  iVOlTSi 


MC34080,  MC35080  Series 


Charactertatic 

Symbol 

Min 

A  Suffix 

Typ  Max 

Min 

Non-Suffix 

Typ  Mh 

Unit 

Slew  fiate  v,n  • 

10  V  to  ■  10  V.  Bl  =  2  0 «  Cl  =  '00  df> 

Sfl 

V  uS 

Compensaied 

Av 

-  1  0 

20 

25  - 

20 

25  - 

*1/ 

1  0 

30  - 

— 

30  - 

Decompensated  Av 

-  2  0 

40 

so  - 

40 

50  - 

Av 

t  0 

50  - 

— 

50  - 

Settling  Tim®  iiQ  V  Step. 

To  0  10*0  (  -  ;  LSa  of  S-BitS) 
To  oor,  .  -  ,  LSB  of  12  Bit8l 


Gain  Sandv^icjrh  Product  tf  -  20C 
Compensated 
Decompensated 


I  Total  Harmonic  Oiatomon 
i  Ay-- 10.  Pi.  -  2  0  k.  2  0  *  Vq  «  20  Vp  ■  I 


{  Channel  Separation  (f  •  iQkHai 


Open-loop  Output  impedanca  If  -  i  0  MHai 


—  :  120  I 


-  '  35 


MOTOROLA  LINEAR/INTERFACE  DEVICES 
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fUAS  CURRENT  ipAi 


MC34080.  MC35080  Series 


FIGURE  3  —  INRUT  BUS  CURRENT  v«raut 
INRUT  COMMON-MODE  VOLTAGE 


-'2  -  30  -  40  3  42  30  -2 

v,c  'NFUT  COMMON  M00€  vCL’AGE  VCl’S 


FIGURE  4  ~  OUTPUT  VOLTAGE  SWING 


I _ i _ >  1  -  -  i  i  ■  I  1  I  — i 

3  rSO  tiO  r’5  =20  =25 


VccV£E-  SUPFIY  VOLTAGt  iVOtTSl 


FIGURE  S  —  OUTPUT  SATURATK3N  v«f«u8 


0  40  3.0  t:  '6 

'1.  ^OAO  CURRENT  r-Ai 


NQURE  •  —  OUTPUT  SATURATION  emus 
LOAD  RESISTANCE  TO  GROUND 


RKSURC  7  .  OUTPUT  SATURATION 
LOAD  RCSISTANCC  TO  Vcc 


FIGURE  f  —  OUTPUT  SHORT  ORCUTT  CURRENT 
vmi*  TEMPERATURE 


I 
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Vq.  oumjl  VUT«Ct  SMMC  IVp 


MC34080,  MC3S080  S«ries 


FIGURC  «  -  OUTKIT  IMMDANCE  ««nu<  FRCauENCV 


nOURE  10  —  OirmjT  IMfEOANCE  VMM  FREOUENCY 


FIGURE  11  ~  OUTPUT  VOLTAGE  SWMO 
VMM  FREQUENCY 


10  ^00  I  OK  10K  'OW 

'  FFtQUENa  'Mil 


FIGURE  1J  —  OPEN4QOP  VOLTAGE  OAN 
VMM  TEMPERATURE 


MOTOROLA  linear/interface  DEVICES 


2-2M 


Avoi  0« 


2-289 


ISJ1HH0I  KVl«SSW»r<’ 


MC34080,  MC3S080  Series 


n  -M  -7^  .loo 

Ta.  AMKNT  TEM^fUTUflE  i*Cl 


0  »  U  7)  TOO 

Ta,  AMHNT  TUmATUIV  i*0 
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MC34080,  MC3S080  Series 


MC340SS  TRANSIENT  RESPONSE 
Ay  •  *2.0,  Rl  «  2.0  k,  V^^EE  *  *18  V.  T^ 


2SX 


2-291 


RATIO  >dB> 


MC34080,  MC3S080  Ssries 
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MC34080,  MC3S080  Series 


APPLICATIONS  INPOHMATION 

The  bandwidth  and  slew  rate  of  the  MC34080  senes 
is  nearly  double  (hat  of  currently  available  general  our- 
pose  JFET  op-amps.  This  improvement  m  ac  perfor¬ 
mance  IS  due  to  the  P-channel  JFET  differential  input 
stage  driving  a  compensated  miller  integration  ampli¬ 
fier  m  coniunction  with  an  all  NPN  output  stage 

The  all  NPN  output  stage  offers  unique  advantages 
over  the  more  conventional  NPN  PNP  transistor  Class 
AB  output  stage.  lA/ith  a  10  k  load  resistance,  the  op-amp 
can  typically  swing  within  1.0  V  of  the  positive  rail  IVcc*- 
and  within  0.3  volts  of  the  negative  rail  (Vggl.  providing 
a  28.7  Vp-p  swing  from  :  IS  volt  supplies.  This  large 
output  swing  becomes  most  noticeable  at  lower  supply 
voltages.  If  the  'oad  resistance  is  referenced  to  Vcc 
instead  of  ground,  the  maximum  possible  output  swing 
can  be  achieved  for  a  given  supply  voltage  For  light 
load  currents,  the  load  resistance  will  pull  the  output  to 
during  the  positive  swing  and  the  NPN  output  tran¬ 
sistor  will  pull  the  output  very  near  Vgg  during  the  neg¬ 
ative  swing.  The  load  resistance  value  should  be  much 
less  than  that  of  the  feedback  resistance  to  maximne 
pull-up  capability. 

The  all  NPN  transistor  output  stage  is  also  inherently 
fast,  contributing  to  the  operational  amplifier  s  high 
gain-bandwidth  product  and  fast  settling  time.  The  as¬ 
sociated  high  frequency  output  impedance  is  SO  ohms 
Itypieall  at  8.0  MHi.  This  allows  driving  capacitive  loads 
from  0  to  300  pF  without  oscillations  over  the  military 
temperature  range,  and  over  the  full  range  of  output 
swing.  The  55’  phase  margin  and  7  6  dS  gam  margin 
as  wall  as  (he  general,  gam  and  phase  characteristics 
are  virtually  independent  of  the  sink  source  output 
swing  conditions.  The  high  frequency  characteristics  of 
the  MC34080  senes  is  especially  useful  for  active  filter 
applications. 

The  common  mode  input  range  is  from  2.0  volts  be¬ 
low  the  positive  rail  (Vcci  to  4  0  volts  above  the  neg¬ 


ative  rail  I  Vgg  I.  The  amplifier  remains  active  if  the  inputs 
are  biased  at  the  positive  rail.  This  may  be  useful  for 
some  applications  in  that  single  supply  operation  is  pos¬ 
sible  with  a  single  negative  supply  However,  a  degra¬ 
dation  of  offset  voltage  and  voltage  gain  may  result. 

Phase  reversal  does  not  occur  if  either  the  inverting 
or  noninverting  input  lor  bothi  exceeds  the  positive 
common  mode  limit.  If  either  input  lor  bothi  exceeds 
the  negative  common  mode  limit,  the  output  will  be  m 
the  high  state.  The  input  stage  also  allows  a  differential 
up  to  r44  volts,  provided  the  maximum  input  voltage 
range  is  not  exceeded.  The  supply  voltage  operating 
range  is  from  =  5.0  V  to  =22  V. 

For  optimum  frequency  performance  and  stability 
careful  component  placement  and  printed  circuit  board 
layout  should  be  exercised.  For  example,  long  un¬ 
shielded  input  or  output  leads  may  result  m  unwanted 
input-output  coupling.  In  order  to  reduce  the  input  ca¬ 
pacitance.  resistors  connected  to  the  input  pms  should 
be  physically  close  to  these  pins.  This  not  only  mini¬ 
mizes  the  input  pole  lor  optimum  frequency  response, 
but  also  minimizes  extraneous  "pickup  '  at  this  node. 

Supply  decoupling  with  adequate  capacitance  close 
to  the  supply  pm  is  also  important,  particularly  over 
tamparatura.  since  many  types  of  decoupling  capacitors 
exhibit  large  impedance  changes  over  temperature. 

Primarily  due  to  the  JFET  inputs  of  the  op  amp.  the 
input  offset  voltage  may  change  due  to  temperature 
cycling  and  board  soldering.  After  20  temperature 
cycles  I  -SSX  to  165*Cl.  the  typical  standard  deviation 
for  input  offset  voltage  is  5M  mV  and  473  mV  in  the 
plastic  and  ceramic  packages  respectively.  With  respect 
to  board  soldering  I260°C.  10  seconds)  the  typical  stan¬ 
dard  deviation  for  input  offset  voltage  is  525  mV  and 
227  mV  in  the  plastic  and  ceramic  package  respectively. 
Socketed  plastic  or  ceramic  packaged  devices  should 
bo  used  over  a  minimal  temperature  range  for  optimum 
input  offset  voltage  performance. 
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LM1877  Dual  Power  Audio  Amplifier 


General  Description 

The  LM1877  IS  a  monolithic  dual  powar  amplitiar  daaignad 
to  dalivar  2W/cnannal  continuoua  into  80  loads.  Tha 
LM1877  is  dasignad  to  oparata  with  a  low  numbar  ot  axtar- 
nal  eomponants,  and  still  provida  flaxitxlity  tor  usa  in  starao 
phonographs,  tapa  racordars  and  AM-FM  starao  racawars. 
ate.  Each  powar  ampMiar  is  biasad  trom  a  common  intamai 
ragulator  to  provida  high  powar  supply  raiaction.  and  output 
O  point  cantaring.  Tha  LM1877  is  intamally  compansaiad 
for  all  gains  graatar  than  10. 

Features 

■  2W/channal 

■  -65  d6  rippla  raiaction,  output  rafarrad 

■  -65  dS  ctiannal  saparation,  output  rafarrad 


■  Wida  supply  ranga.  6V-24V 

■  Vary  low  cross-ovar  distortion 

■  LOW  audio  band  noisa 

■  AC  short  circuit  protactad 

■  Intamai  ttiarmal  shutdown 

Applications 

■  Multi-channal  audio  systams 

■  Starao  phonographs 

■  Taps  racordars  and  piayars 

■  AM-FM  radio  racaivars 

■  Sarvo  amplifiars 

■  Intarcom  systams 

■  Automotiva  products 


Connection  Diagram 

Dual  In  Una  Paataga 


TopVlo« 


Ordar  Numbar  LMItTTM-* 
Saa  NS  Packaga  Numbar  N14A 


Equivalent  Schematic  Diagram 


M 


1.167 


UN1877 


Ui1877 


i-iee 


Typical  Parformanca  Charactaristica 


Davtc*  OtMtpatlen  va 
AmMant  Tamparatur* 


Poarar  Supply  Ra|aetlon  Ratio 
(Rafanad  to  tlM  Output)  va 
Fraquaney 


Powar  Supply  Rafactlon  Ratto 
(Rafanad  to  tha  Output)  va 
Fraquaney 


Commercial 

Industrial 


X9MME 

X9MMEI 


E2POTTM  Digitally  Controlled  Potentiometer 


FEATURES 

•  Solid  Stato  RoliablUty 

•  Singlo  Chip  MOS  Imptomontatlon 

•  Thro*  WIr*  TTL  Control 

•  OporatM  From  Standard  SV  Supply 

•  WMa  Analog  Voltaga  Rang#  ±  5V  Min. 

•  99  Raalativa  Elamonta 

— Tamporatura  Companaatad 
—±20%  End  to  End  Raalatanca  Ranga 

•  100  Wipar  Tap  Polnta 

— WIpar  Poaitlon  Digitally  Controllad 
—Wipar  Poaitlon  Storad  In  Nonvolatlla 
Mamory  Than  Automatically  Raeallad  on 
Powar*Up 

•  100  Yaar  Wipar  Poaitlon  Ratantion 

•  «  Pin  Mlni-OIP  Paekaga 


DESCRIPTION 

The  Xicor  X9MME  is  a  solid  stats  nonvolatile  potenti¬ 
ometer,  packaged  in  an  8  pm  mini-OlP  and  is  ideal  for 
digitally  controlled  resistance  tnmming. 

The  X9MME  is  a  resistor  array  composed  of  99  resis¬ 
tive  elements.  Between  each  elsment  and  at  either  end 
are  tap  points  accessible  to  the  wiper  element.  The  po¬ 
sition  of  the  wiper  element  on  the  array  is  controlled  by 
the  C5,  U/0.  and  inputs.  The  position  of  the  wiper 
can  be  stored  in  nonvolatile  memory  and  is  recalled 
upon  a  subsequent  power-up. 

The  resolution  of  the  X9MME  is  equal  to  the  maximum 
resistance  value  divided  by  99.  As  an  example;  for  the 
X9503  (50  KD)  each  tap  point  represents  SOSn. 

Xicor  E2  products  are  designed  and  tasted  for  applica¬ 
tions  requiring  extended  erxiurafKe.  Refer  to  Xicor  reli¬ 
ability  reports  for  further  endurance  information. 
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ANALOG  CHARACTERISTICS 
Elactrical  Charactarlatlc* 

End  to  End  Resistance  Tolerance  r20% 

Power  Rating  at  25*C .  10  mW 

Wiper  Current  .  1 1  mA  Max. 

Typical  Wiper  Resistance  4qfl  at  t  mA 

Typical  Noise .  <  - 120  dB/.Hz  Ref:  1V 

Resolution 

Resistance .  i  % 

Unaarlty 

Absolute  Lineantyf’i . ±  i  0  MlWl 

Relative  Lineanty(3l .  r0  2MlU) 

Temperature  Coetfldent 

-40*C  to  +85*C . ’lOOO  ppm/*C  Typical 

Wiper  Adlustablllty 
Unlimited  Wiper  Adjustment 
(Volatile  Mode  While  Chip  is  Selected) 

Nonvolatile  Storage  of  Wiper  Position 
. 10.000  Cycles  Typical 

Environmental  Clwracterletica 
Temperature  Range 

Operating  X9MME . 0*C  to  70*C 

x9MMei . -40*c  to  i-as'c 

Storage  . -65"C  to  ■•-150‘C 


Physical  Characterfatlca 

Marking  Includes: 

Manufacturer's  Trademark 
Resistance  value  or  Code 
Oats  Code 

ABSOLUTE  MAXIMUM  RATINGS* 


Temperature  Under  Bias . -65*C  to  *  135’C 

Storage  Temperature . -65'C  to  -  150*C 

Voltage  on  CS,  iNC,  U/D  and  Vcc 
Referenced  to  Ground  - 1  .OV  to  *  7  OV 

Voltage  on  Vh  and  V^ 

Rewenced  to  Ground . -8  OV  to  »  8  OV 

Lead  Temperature  (Soldanng.  10  Seconds) . *  300'C 

Wiper  Current . r:  •,  mA 


’COMMENT 

Stresses  above  those  listed  under  'Absoluts  Maximum  Rat¬ 
ings"  may  cause  permanent  damage  to  the  device.  This  is  a 
stress  rating  only  and  the  functional  operation  of  the  device  at 
these  or  any  other  conditions  above  those  indicated  m  the  op¬ 
erational  sections  of  this  specification  is  not  implied.  Exposure 
to  absolute  maximum  rabng  conditions  lor  extended  penods 
may  affect  device  raliabiiity. 


O.C.  OPERATING  CHARACTERISTICS 

X9MME  =  0*C  to  +70*0,  Vcc  =  •'■5V  £  10%,  unless  otherwise  specified. 
X9MMEI  T*  =  -40*Cto  -i-05*C,  Vcc  “  '*•5'^  1 10%.  unless  Otherwise  specified. 


Symbol 

Paramotor 

Umtta 

Units 

Min. 

Typ.w 

Max. 

Ice 

Supply  Current 

25 

35 

1 

i 

'Ll 

Input  Leakage  Current 

±10 

V|N  =  ov  to  5.5V,  iFiC.  ij/C,  C5 

Input  High  Voltage 

2.0 

Vcc  f  0 

V 

i 

V|L 

Input  Low  Voltage 

-1.0 

0.8 

V 

_ 

40 

100 

n 

£  1  mA 

VvH 

Vh  Voltage 

HQQI 

-1-5.0 

V 

VvL 

Vl  Vottage 

-h5.0 

V 

C|n(*) 

CS.  IFIC.  U/0.  Input 
Capacitance 

10 

PF 

Netee:  (1)  Absolute  Lmeertty  .JHzed  to  determine  actual  wiper  voltage  versus  expected  voltage  as  determined  by  wiper  position 
when  used  as  a  p  vntiometsr. 

Absoluia  Uneenty  -  (Vyy,n, (actual)  -  Vvy(„)(expeeted))  -  1 1  Ml  Max. 

Vh  -  Vi 

(2)  1  Ml  «  Rtot/M  or  — ^  -  Minimum  Increment 

99 

(3)  Relative  Uneenty  is  utilized  to  determine  the  actual  change  in  voltage  between  succesarve  tap  position  when  used  as  a 
potanttometer.  It  is  a  measure  of  the  error  in  step  sere. 

Relative  Uneanty  «  Vvyin-n  -  (Vw(n)  -i-  Mil  -  1 0.2  Ml  Max. 

Typical  values  of  Linearity  are  shown  in  Figure  3. 

(4)  Typical  values  are  for  T^  -  29*C  and  nominal  supply  voltage. 

(5)  This  parameter  is  penodwally  sampled  and  not  100%  tested. 
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A.C.  CONDITIONS  OF  TEST 

MODE  SELECTION 

i  Input  Pulse  Levels 

07  to  3  .07 

:  cs 

INC  { 

U/D 

Ml 

Input  Rise  and 

t 

!  :  L 

i 

H 

Wiper  Up 

Fall  Times  ! 

!  r-  ■  1 

-i  '  L 

1 

L 

Input  I 

1.57 

H  1 

— - - 

Store  Wip 

A.C.  CHARACTERISTICS 

X9MME  =  0“C  to  +70“C,  Vcc  =■*•57  1 10%.  unless  otherwise  specified. 
X9MME1  T^  =  -40*Cto  -i-85*C,  Vcc  =  -*- 5V  :  10%,  unless  otherwise  specified. 


Symbol 

Parameter 

Limits 

Min. 

Typ.l*)  i  Max. 

tci 

CS  to  inC  Setup 

100 

^ - 

llD 

INC  High  to  U/0  Change 

100 

1 

_ L. 

lOI 

U/D  to  If5C  Setup 

2.9 

liL 

IRC  Low  Period 

1 

1 

t|H 

iRC  High  Period 

3 

H 

<IC 

IRC  Inactive  to  CS  Inactive 

1 

<CPH 

CS  Deselect  Time 

20 

tiW 

iRC  to  Vvv  Change 

'  100 

500 

Note:  (6)  Typical  values  are  for  >  25*C  and  nominal  supply  voltage. 
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PIN  OESCRIlh'IONS 
Vh 

The  high  terminal  of  the  X9MME  is  capable  of  handling 
an  input  voltage  from  -  5V  to  +  5V. 

Vl 

The  low  terminal  input  is  limited  from  -  5V  to  +  5V. 

Vw 

The  wiper  terminal  series  resistance  is  typically  less 
than  40n.  The  value  of  the  wiper  is  controlled  by  the 
use  of  U/D  and 

Up/Oown  (U/S) 

The  U/C  input  controls  the  direction  of  the  wiper  move¬ 
ment  and  the  value  of  the  nonvolatile  counter. 

Increment  (WC) 

The  input  is  negative-edga  triggered.  Toggling  INC 
will  move  the  wiper  and  either  increment  or  decrement 
the  counter  in  the  direction  indicated  by  the  logic  level 
on  the  U/0  input 

CMp  Select 

The  device  is  selected  when  the  CS  input  is  LOW.  The 
current  counter  value  is  stored  in  nonvolatile  memory 
when  ^  is  returned  HIGH  with  IFiC  HIGH. 


APPLICATIONS 

The  combination  of  a  digital  interface  and  nonvolatile 
memory  in  a  silicon  based  tnmmer  pot  provides  many 
application  opportunities  that  could  not  be  addressed 
by  either  mechanical  potentiometers  or  digital  to  ana¬ 
log  circuits.  The  X9MME  addresses  and  solves  many 
issues  that  are  of  concern  to  designers  of  a  wide  range 
of  equipment. 

Consider  the  possibilities: 

Automated  assembly  line  calibration  versus  mechani¬ 
cal  tweaking  of  potentiometers. 

Protection  against  drift  due  to  vibration  or  contamina¬ 
tion. 

Eliminate  precise  alignment  of  PWB  mounted  poten¬ 
tiometers  with  case  access  holes. 

Eliminate  unsightly  access  holes  on  otherwise  aes¬ 
thetically  pleasing  erKlosures. 

Product  enhartcements  such  as  keyboard  adjustment 
of  volume  or  brightrtess  control. 

Front  panel  microprocessor  corttrolled  calibration  of 
test  irwtruments. 


DEVICE  OPERATION 

The  iTiC.  U/C  artd  inputs  control  the  nnovemem  of 
the  wiper  alortg  the  resistor  array.  HIGH  to  LOW  trarv 
sitions  on  IRC,  with  CS  LOW,  increment  (U/C  >  HIGH) 
or  decrement  (U/C  •  LOW)  an  internal  counter.  The 
output  of  the  counter  is  decoded  to  position  the  wiper. 
When  CS  is  brought  HIGH  the  counter  value  is  auto¬ 
matically  stored  in  the  nonvolatile  memory.  Upon  pow- 
er-up  the  nonvolatile  memory  contents  are  restored  to 
the  counter. 

With  the  vriper  at  position  99.  additiortal  increments 
(U/C  -  HIGH)  will  not  move  the  wiper.  With  the  wiper 
at  position  0,  additional  decrements  (U/C  •  LOW)  will 
not  move  the  wiper. 

The  state  of  U/C  may  be  changed  while  ^  remains 
LOW.  allowing  a  gross  then  firte  adjustinent  during  sys¬ 
tem  calibration. 

If  Vcc  is  removed  while  is  LOW  the  contents  of  the 
nonvolatite  rnemory  may  be  lost 

The  end  to  ertd  resistafKe  of  the  array  wHI  fluctuate 
once  Vcc  is  removed. 


Remote  location  calibration  via  radio,  modem  or  LAN 
link. 

Calibration  of  hard  to  reach  instruments  in  aircraft  or 
other  confined  spaces. 

APPUCATION  CIRCUITS 

AppUcetlooCIrcMH  ei _ 


T 

l»/'0 

''lI 

pm-4 

Approximating  audio  tnm  with  axtamal  raawtor. 

AppEcaMonCIrcuft  *2 


X9MME,  X9MMEI 


Figura  1:  Typical  Fraquancy  Raaponaa  for  X9103 


TEST  CONDITIONS 

Vcc  “  5  0V 


Wiper  a  Tap  50 

a 

Vh  -  0.3V  HMS 

Normalized  (0  dB  9  i  KHz) 

*•  0 

\  Test  Circuit  #1 

•O  . 

\ 

\ 

'  1  i 

I  1  < 

'19. 

•  • 

'  ® 

“a  • 

O.Ot  Q.IO 

too  10.00  too.oo  1000.00 

FIteOOENCY  IN  KHl 

003S.S 

FIgura  2;  Typical  Total  Harmonic  Olatortlon  for  X9103 


TEST  CONDITIONS 

Vcc  -  5.0V 


Wlpar  a  Tap  50 
Vh  ”  2V  RMS 
Test  Circuit  #  1 


t.OO  10.00  too.oo  1000.00 


riiEOuCNCr  in  khi 


X9MME,  X9MMEI 


Tcct  Circuit  *  1  TMt  Circuit  *2 


Standard  Parta 


Maximum  Raaiatanca 


Part  Number 


10  Kn 
50  Kn 


X9103 


X9503 


100  Kn 


X9104 


I 


Appendix  G  -  Parts  list 


I 


I 


AOI  2  Rev  3.0  Component  List 

The  following  is  a  list  of  components  as  of  10/9/89  for  the  8930  Digital  Board, 
Audio  Board  and  Noise  Board. 


R1  =  10  Ka 

R2  =  10KQ 

R3  3  10KQ 

R4  3  20  KQ 

R5  320KQ 

R6  3  20  KQ 

R7  =  20  KQ 

R8  3  20  KQ 

R9  3  20  KQ 

RIO  =  1  KQ 

Rll3  IKQ 

R12  3  10  KQ 

R13  3  10  KQ 

R14=  lOKQ 

R15  3  lOKQ 

R16=  lOKQ 

R17  =  20KQ 

R18  3  20KQ 

R19  =  20  KQ 

R20  3  20  KQ 

R21  3  20  KQ 

R22=  lOKQ 

R23  3  24.3  KQ 

R24  3  24.3  KQ 

R25  3  10  KQ 

R26  3  10  KQ 

R27  3  58.3  KQ 

R28  3  58.3  KQ 

R29  3  100KQ 

R30  3  1  KQ 

R31  3  lOKQ 

R32  =  100KQ 

R33  3  IKQ 

R34  3  10  KQ 

R35  3  1  KQ 

R36  3  1  KQ 

R37=  lOKQ 

R38  3  10  KQ 

R39  3  1  KQ 

R40  3  1KQ 

R4l3i0KQ 

R42  3  10  KQ 

R43  through  R  62  =  100  KQ 
ICl  through  IC4  =  Ma4084 

ICS  through  IC14  =  Xicor  50  KQ  digitally  controlled  pot 
IC15  =  Ma4082 

IC16  =  Xicor  SO  K^2  digitally  controlled  Pot 
IC17  3  Xicor  SO  KA  digitally  controlled  Pot 
IC19  3  Xicor  SO  K£1  digitally  ctMitrolled  Pot 

PI  through  P4  3  SOKiiPoi 


R1  3 

100  K 

R2  3  16K 

R3  3 

6.2  K 

R4  3 

510  K 

R5  3  IK 

R6  3 

2.7  K 

R8  3 

10  K 

R9  3  27.1  K 

RIO  3 

251.5  K 

Rll  3 

251.5  K 

R12=  10  K 

R13  3 

10  K 

R14  3 

10  K 

R15=  10  K 

R16  = 

27.1  K 

R17  = 

25  K 

R18=  25  K 

Cl  3 

luF 

C2  3  O.l  uF 

C3  3 

10  uF 

C4  =1 

0.05  uF 

C5  3  O.l  uF 

C6  3 

0.1  uF 

C7  3 

0.1  uF 

C8  3  0.1  uF 

C9  = 

0.1  uF 

Cll3 

0.1  uF 

C12  =  0.l  uF 

POtl  3 

SOK 

Pot2  3  100  K 

1! 


WMi 


1930  Distal  Board: 

Component 
74xx688 
65C22 
AY8930 
0.1  uF 

NMI  Connector 
AOI  Connector 
Address  select  Connector 


Numl?cr  Needed 
2 
1 
2 
5 
1 
1 
1 


Power  /  Ground  Plane  Board: 

Component 
NMI  Connector 
AOI  Connector 
Ferrite  Beads 
10  Cap 
1  pFCap 
,01  pF  Cap 
Power  Connector 


Number  Needed 
1 
1 
3 
3 
3 
3 
1 


Audio  Board: 


Component 
1  KO 
10  KO 
20  KO 

24.3  KO 

58.3  KQ 
loom 
0.1  uF 
MC34084 
MC34082 
SOKnXicorPot 
SOKQPot 
LM1877 
Audio  Jacks 


Number  Needed 
7 
17 
11 
2 
2 
22 
17 
4 
1 

13 

4 

2 

2 

1 

1 

1 


External  Audio  Connector 
Noise  Connector 
AOI  Connector 


Noise  Board: 


Co^nent  Numtxi  Needed 

2.7  KO  1 


6.2  KQ 

1 

10  KA 

5 

16  Kn 

1 

25  m 

2 

27.1  Kn 

2 

.  100  Kn 

1 

251.5  Kn 

2 

510  Kn 

1 

0.05  uF 

1 

0.1  uF 

8 

1  uF 

1 

10  uF 

1 

50  Kn  Pot 

2 

FLT-U2 

2 

LM389 

1 

Xicor  50K  Pot 

4 

Noise  Connector 

1 

Total  List: 

CompoDCitt  £ 

dumber  Needed 

1  Kn 

8 

2.7  Kn 

1 

6.2  Kn 

1 

.  lOKn 

22 

f  16  Kn 

1 

20  Kn 

11 

24.3  Kn 

2 

25  Kn 

2 

27.1  Kn 

2 

58.3Kn 

2 

100  Kn 

23 

251.5  Kn 

2 

510  Kn 

1 

0.05  uF 

1 

0.01  \iF 

3 

0.1  uF 

30 

1  uF 

4 

10  uF 

4 

50knPOt 

6 

MC34084 

4 

MC34082 

1 

50  Kn  Xicor  Pot 

17 

LM1877 

2 

FLT-U2 

2 

LM389 

1 

74xx688 

2 

65C22 

1 

AY8930 

2 

MNI  Connector 

2 

k  AOI  CcnnectcH’ 

3 

'  Address  select  connector 

1 

Audio  Jacks  2 

External  Audio  connector  1 

F  Connector  2 

Power  Connector  I 
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STARTUP 


Wednesday,  January  3,  1990  1:22  pai 
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SEND  SETUP 
SEND  ARRAYS 
SEND  CASE 
SEND  OOERNAKE 
SEND  CHIPCTRL 
SEND  SELECTOR 
SEND  VIEU8930 
SEND  ENVELOPE 
SEND  CONVERT 
SEND  TIHE6522 
SEND  XICORS 
SEND  CONFIGUR 
SEND  TRANSIT 
SEND  ACIACOM 
SEND  SHOFRAME 
SEND  AOI 
SEND  SYSINITS 
SEND  OEMO 


SETUP 


Wednesday,  January  3,  1990  1:22  pm 


HEX 

304  1C  I 
50  IE  1 
360  22  ! 

FORGET  TASK  (  Reset  ) 

380  DP  I 

DECIMAL 

:  OCTAL  8  BASE  )  ; 

:  BINARY  2  BASE  I  ; 

VARIABLE  WAIT. COUNT  5000  WAIT. COUNT  I 
:  WAIT  WAIT. COUNT  8  0  DO  I  DROP  LOOP  ; 

:  NIP  SWAP  DROP  ; 

:  TUCK  SWAP  OVER  ; 

;  -ROT  ROT  ROT  ; 

:  INCR  1  SWAP  ; 

:  DECR  -1  SWAP  +1  ; 

:  OSET  0  SWAP  I  ; 

:  COSET  0  SWAP  Cl  ; 

-1  CONSTANT  TRUE 
0  CONSTANT  FALSE 

:  OVER  OVER  -  -ROT  ♦  ;  <  n1  n2  •  (  n1-n2  >  {  n1  ♦  n2  >  ) 

:  GET. OUT  TTERMIN^L  IF  R>  DROP  EXIT  THEN  ; 

:  TASK  ; 


DECIMAL 


ARRAYS 


Wednesday,  January  3,  1990  1:22  pm 
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OECINAL 

:  CARRAY  CREATE  3  *■  ALLOT  D0ES>  ♦  ; 

:  ARRAY  CREATE  Z*  2*  ALLOT  DOES>  SWAP  2*  ♦  ; 

:  2ARRAr  (  ROW  COL  --  )  CREATE  2  ALLOT  1*  SWAP  1+  SWAP  OUP  ,  *  2* 
ALLOT  DOEP>  ROT  OVER  3  *  ROT  ♦  2*  ♦  2*  ; 

:  DARRAY  CREATE  H  4  •  2*  ALLOT  OOES>  SWAP  4  *  ♦  ; 


:  TABLE  CREATE  2  ALLOT  OOES>  SWAP  2*  +  3  ; 

(  INITIALIZE  BY  COMNAING  } 

:  CTABLE  CREATE  2  ALLOT  OOES>  +  C3  ; 

(  INITIALIZE  BY  C-COHNAING  ) 

(  NUMBERS  TO  BIT  WEIGHTS  ) 

TABLE  2*  1  .  2  ,  4  .  8  .  16  ,  32  ,  64  ,  128  ,  256  ,  512  . 
1024  ,  2048  ,  4096  .  8192  ,  16384  ,  32768  , 


CASE  Wednesday,  January  3,  1990  1:22  pai  Page  1 


(  MODIFIED  FROM  U.  BADEN  ) 

(  FORTH  DIMENSIONS  VOLUME  8.  «5,  P  31  ) 

DECIMAL 

:  CASE  DUP  ; 

:  OF  [COMPILE]  IF  COMPILE  DROP  ; 

IMMEDIATE 

:  ENDOF  COMPILE  EXIT  [COMPILE]  THEN  ; 

IMMEDIATE 
:  ENDCASE  DROP  ; 

:  »0R  2  PICK  >  OR  ; 

(  N  N1  N2  -  F  :  T  IF  N  »  N1  &  <>  N2  ) 

:  BETWEEN  U  OVER  -  >R  -  R>  U<  ; 

:  ASCII  BL  WORD  COUNT  1-  ABORT"  ??  "  CD  STATE  9  IF  [COMPILE]  LITERAL  THEN  ; 
IMMEDIATE 


DOERNAKE 


Wednesday,  January  3,  1990  1:22  pia 
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DECIMAL 
:  MOP  ; 

:  DOER  CREATE  2  ALLOT  C']  NOP  CFA  ,  DOES>  a  >R  ; 

(  THE  ALLOT  STEPS  OVER  THE  POINTER  PUT  IN  THE  ) 

(  FIRST  WORD  OF  THE  CHILD'S  PARAMETER  FIELD  BY  ) 

(  DOES>  } 

(  DOER  NAMEX  makes  NAMEX  vectored  to  NOP  ) 


:  MAKE  CCOHPILE]  '  8  2*  [COMPILE]  '  CFA  SWAP  I  ; 

(  MAKE  NAMEX  NEW-WORD  revectors  NAMEX  ) 

(  MAKE  NAMEX  NOP  revectors  NAMEX  to  NOP  ) 


CHIPCTRL 
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HEX 

8000  CONSTANT  68HC11 .PORT.A 
3  2'  CONSTANT  68HC11 .PORT. A. PULSE. BIT 


OFFO  CONSTANT 
DECIMAL 

ALIOtO.6522.8ASE 
AU0I0.6S22.BASE 
AUDI 0.6522. BASE 
AUDIO. 6522. BASE 
AUDI 0.6522. BASE 
AUOIO.6522.BASE 
AU0I0.6522.BASE 
AU0I0.6522.BASE 
AU0IO.6522.BASE 
AUDI 0.6522. BASE 
AUDI0.6522.8ASE 
AU0IO.6522.BASE 
AUOtO.6522.BASE 
AUDI0.6522.BASE 
A(JDI0.6522.8ASE 

DECIMAL 

0  2^  CONSTANT 

1  2''  CONSTANT 

2  2*  CONSTANT 


AUDI0.6522.BASE 


0 

* 

CONSTANT 

AUDI0.6S22.P0RT.B 

15 

* 

CONSTANT 

AUDI0.6522. PORT.A 

2 

> 

CONSTANT 

AUD 10.6522. PORT. B.DDR 

3 

♦ 

CONSTANT 

AUDI0.6522.P0RT.A.0DR 

4 

> 

CONSTANT 

AU0I0.6522.T1C-L 

5 

♦ 

CONSTANT 

AU0I0.6522.T1C*H 

6 

* 

CONSTANT 

AU0I0.6522.T1L-L 

7 

♦ 

CONSTANT 

AUDI0.6522.T1L-H 

8 

♦ 

CONSTANT 

AU0I0.6522.T2C-L 

9 

♦ 

CONSTANT 

AU0I0.6522.T2C-H 

10 

♦ 

CONSTANT 

AU0IO.6522.SR 

11 

♦ 

CONSTANT 

AU0I0.6522.ACR 

12 

♦ 

CONSTANT 

AU0I0.6S22.PCR 

13 

♦ 

CONSTANT 

AUDI0.6522.IFR 

14 

♦ 

CONSTANT 

AUDI0.6522.IER 

SOUND. CHIP. SELECT. BIT  (  chip  enable  ) 
BUS.C0NTR0L.8IT  (  BC1  for  AT-8930S  ) 
BUS.DIRECTION.BIT  (  BDIR  for  AY-S930S  ) 


(  bits  3  and  4  are  used  in  XICORS  ) 


5  2'  CONSTANT  HDW.RESET. BOTH. Ar-8930S. BIT 


:  P.ON  (  n  port  -  ) 

OUP  Ca  .  (  n  port  contents  ) 

ROT  (  port  contents  n  } 

OR  (  port  new. contents  ) 

MAP  Cl  ; 

:  P.OFF  (  n  port  •  ) 

DUP  ca  (  n  port  contents  ) 

ROT  (  port  contents  n  } 

OVER  (  port  contents  n  i.  ents  ) 

AND  (  port  contents  bits. in.n. currently. on  ) 

XOR  (  port  new. contents  ) 


I 


CHIPCTRL 
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SWAP  Cl  ; 


HEX 


:  PULSE 

68HC11. PORT. A. PULSE. BIT  68NC11.P0RT.A  OVER  OVER  P.CN  P.OFF  ; 


:  INIT.AUDIO. 6522. PORT. B 

FF  AUDIO. 6522. PORT. B.ODR  Cl 

20  AU010.6522.P0RT.B  Cl  ;  (  put  reset  bit  high  ) 

:  HARDWARE. RESET. BOTH. AY-8930S 

HOW.RESET.BOTH.AY-8930S.BIT  AUDI0.6522.P0RT.B  P.OFF 
HOW. RESET. BOTH. AY-8930S. BIT  AUDI0.6522.P0RT.8  P.ON  ; 


:  TO. SOUND 

FF  AUOI0.6522.PORT.A.OOR  Cl  ; 
:  FROM. SOUND 

0  AUDIO. 6522. PORT. A.OOR  Cl  ; 


SETUP. SOUND. CHI PS 
INIT.AUDI0.6S22.P0RT.8 
TO. SOUND 

HARDWARE . RESET . BOTH . AY • 8930S 


:  DNULL 

C  BUS.C0NTR0L.8IT  BUS.OIRECTION.BIT  OR  ]  LITERAL 
AUDI0.6522.P0RT.B  P.OFF  ; 

:  DLATCH 

[  BUS.CONTROL.BIT  BUS.OIRECTION.BIT  OR  ]  LITERAL 
AU0I0.6522.P0RT.8  P.ON  ; 

:  DREAD 

BUS.CONTROL.BIT  AU0I0.6522.P0RT.B  P.ON  ; 

:  DWRITE 

BUS.OIRECTION.BIT  AU0I0.6522.P0RT.B  P.ON  ; 


VARIABLE  SELECTED. SOIWO. CHIP 


:  AY-8930.0 

SOUND. CHIP. SELECT. BIT  AUDI0.6522.P0RT.B  P.OFF 
0  SELECTED. SOUND. CHIP  I  ; 


AY-8930.1 

SOUND. CHIP. SELECT. BIT  AUDIO.6S22.P0RT.B 
1  SELECTED. SOUND. CHIP  I  ; 


P.ON 


CHIPCTRL  Wednesday,  January  3,  1990  1:22  pai 


:  SET. SOUND. CHIP  (  0  «  AY-8930.0  |  1  *  AY-8930.1  -  ) 

0»  IF  ay-8930.0  else  AY-8930.1  THEN  ; 


:  RSET  DNULL  OLATCH  AU0I0.6522.P0RT.A  Cl  ONULL  ;  (  for  AY-8930  addresses 

(  Default  AUDI0.6522.P0fiT.A  bus  direction  is  out  to  the  peripherals  ) 

:  <GET>  FROM. SOUND  ONULL  OREAD  AUDI 0.6522. PORT .A  Ca  DNULL  TO. SOUND  ; 

:  <SENO>  ONULL  AUDI0.6522.P0RT.A  Cl  DURITE  DNULL  ; 

BINARY 

10100000  CONSTANT  BANK. A. CODE 
10110000  CONSTANT  BANK. B. CODE 
00001111  CONSTANT  CLEAR. NIBBLE. MASK 

OCTAL 

.  gANK.A  (  -  C  bank  A  is  current  >  ) 

15  RSET 
«SET> 

CLEAR. NIBBLE. MASK  <  special  case  because  bank  code  shares  ) 

ADO  (  a  reoister  with  Channel  A  shape/cycle  ) 

BANK.A.CODE 

OR 

<SEN0> 


:  BANK.B  (  <  bank  B  is  current  )  ) 

15  RSET 
<CET> 

CLEM. NIBBLE  .MASK 

and  (  special  case  like  BANK. A  ) 

BANK.B. CODE 
OR 

<SM> 


Page  3 


DECIMAL 


CHIPCTRL 
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SEND 

0* 

1  > 


(  n  register  (tbytes  bank  -  ) 
IF  BANK. A  ELSE  BANK.B  THEN 
IF 

RSET 


GET 


<SENO> 

(  transacts  low  order  byte 

ELSE 

DUP 

(  n  register  register  ) 

RSET 

<  n  register  ) 

OVER 

(  n  register  n  ) 

<SEND> 

U 

(  n  register!*  ) 

RSET 

>< 

(  swap  bytes  ) 

<SENO> 

(  transmits  low  order  byte 

THEN 

(  register  (Kbytes  bank  •  ) 

IF  BANK. A  ELSE  BANK.B  THEN 

IF 

RSET 

<GET> 

(  get  loM  order  byte  ) 

ELSE 

OUP 

(  register  register  ) 

RSET 

<GET> 

(  register  loM-byte  ) 

SWAP 

(  low-byte  register  ) 

U 

RSET 

<GeT> 

(  low-byte  high-byte 

256  *  ♦ 

(  coabined-lowthigh-bytes  ) 

THEN 


DECIMAL 


SELECTOR  U«dnesday,  January  3,  1990  1:22  pM  Page  1 


(  SELECT  BY  REGISTER  NAHES  ) 

DECIMAL 

0  CONSTANT  A 

1  CONSTANT  B 

2  CONSTANT  C 

:  TONE. PERIOD  (  channel  -  register  Rbytes  bank  ) 

2*  (  register  ) 

2  (  register  mbytes  ) 

A  (  register  mbytes  bank  ) 


OCTAL 

16  CONSTANT  PORT. A. REGISTER 

:  ay-8930. PORT. A  (  channel  -  register  mbytes  bank  > 

PORT. A. REGISTER 
1 

A 


;  AY-8930.P0RT.B  <  channel  -  register  kbytes  bank  > 

PORT.A.REGISTER  1* 

1 

A 


6  CONSTANT  NOISE.PERIOO. REGISTER 

:  NOISE.PERIOO  <  channel  -  register  tbytes  bank  ) 
NOISE.PERIOO.REGISTER  (  AY-8930  address  ) 

1 

A 

# 

7  CONSTANT  NOT. ENABLE. REGISTER 

:  NOT. ENABLE  <  channel  -  register  mbytes  benk  ) 

~NOT. ENABLE. REGISTER  <  AY-8930  address  ) 

1 

A 

m 

:  AMPLITUDE  (  channel  -  register  mbytes  benk  ) 

10  *  (  base  AY-8930  address  ) 

1 


I 


SELECTOR 
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A 


:  OR. ON 
2  PICK 
2  PICK 

2  PICK 
GET 

4  ROLL 
OR 

3  ROLL 
3  ROLL 
3  ROLL 
SEND 


(bits  ) 


(  bits  current. value  (  register  current  >  ) 
(  add  the  new  bits  ) 

(  store  in  register  ) 


:  XOR.OFF 
2  PICK 
2  PICK 

2  PICK 
GET 

4  ROLL 
OVER 
AND 
XOR 

3  ROLL 
3  ROLL 
3  ROLL 
SEND 


(  bits  ) 


(  bits  value  ) 

(  value  bits  value  ) 

<  value  "on"  bits  to  turn  off  ) 
(  turn  them  off  ) 


(  store  in  register  ) 


:  ENVELOPE. PER I 00  (  channel  -  register  Itoytes  bank  ) 

CASE  0  -  OF  13  2  A  ENOOF 

CASE  1  >  OF  0  2  ■  ENOOF 

CASE  2  *  OF  2  2  ■  ENOOF 

ABORT"  CHANNEL  RANGE  ERROR" 

ENOCASE 


:  SHAPE/CTCLE 

CASE  0  >  OF 
CASE  1  ■  OF 
CASE  2  «  OF 
ABORT"  CHANNEL 
ENOCASE 


(  channel  -  register  Aytes  bank  ) 
15  1  A  ENOOF 

4  1  B  ENOOF 

5  1  B  ENOOF 
RANGE  ERROR" 


I 


SELECTOR 
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6  CONSTANT  CH. A. DUTY. CYCLE. REGISTER 

:  DUTY. CYCLE  (  -  register  Miytes  bank  ) 

CH.A. DUTY. CYCLE. REGISTER 
♦ 

1 

B 


11  CONSTANT  NOISE. AND. MASK. REGISTER 

:  NOISE.ANO.NASK  (  -  register  Miytes  bank  ) 
NOISE. AND. MASK. REGISTER 
1 

B 


12  CONSTANT  NOISE.OR. MASK. REGISTER 

:  NOISE. OR. MASK  (  •  register  iRbytea  bank  ) 
NOISE. OR.MASK. REGISTER 
1 

B 


DECIMAL 

1  CONSTANT  HOLD. BIT 

2  CONSTANT  ALT. BIT 

4  CONSTANT  ATTACK. BIT 
8  CONSTANT  CONTINUE. BIT 


(  WARNING  -  THE  NOT. ENABLE  REGISTER  IS  NEGATIVE  LOGIC  ) 

:  TONE.ENABLE  (  ch  ) 

2^  NOT. ENABLE  XOR.OFF  ; 

:  TONE.OISABLE  (  ch  ) 

NOT. ENABLE  OR.ON  ; 

:  NOISE. ENABLE  (  ch  ) 

2*  8  *  NOT. ENABLE  XOR.OFF  ; 

:  NOISE.DISABLE  (  ch  } 

2*  8  *  NOT. ENABLE  OR.ON  ; 

:  ZERO. AMPLITUDE  (  ch  ) 


SELECTOR 
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0  SWAP  AMPLITUDE  SEND 


:  INIT. SOUND. CHIP 

255  NOT. ENABLE  SEND  (  enables  AY-8930  ports  as  outputs  > 

0  A  AMPLITUDE  SEND 

0  B  AMPLITUDE  SEND 

0  C  AMPLITUDE  SEND 

0  A  TONE. PERIOD  SEND 

0  B  TONE. PERIOD  SEND 

0  C  TONE. PERIOD  SEND 

0  NOISE. PERIOD  SEND 

0  A  ENVELOPE. PERIOD  SEND 

0  B  ENVELOPE. PERIOD  SEND 

0  C  ENVELOPE. PERIOD  SEND 

255  A  SHAPE/CYCLE  XOR.OFF 

255  B  SHAPE/CYCLE  XOR.OFF 

255  C  SHAPE/CYCLE  XOR.OFF 

4  A  OUTY.CYCLE  SEND  (  50t  DUTY  CYCLE  ) 

4  B  OUTY.CYCLE  SEND  <  50X  DUTY  CYCLE  ) 

4  C  OUTY.CYCLE  SEND  (  50X  DUTY  CYCLE  ) 

255  NOISE. AND. MASK  SEND 
0  NOISE. OR. MASK  SEND 


VIEWe930 
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DECIMAL 

:  16BITS  (  d  •  ) 

<###««  32  HOLD  «  «  «  #  32  HOLD  32  HOLD 

#  #  #  #  32  HOLD  «  «  *  #  32  HOLD  32  HOLD  «>  TYPE 

:  BITS.  (  n  -  n  ) 

BASE  a  BINARY  OVER  0  16BtTS  BASE  I  ; 

:  HEX. 

BASE  a  HEX  OVER  8  U.R  2  SPACES  BASE  !  ; 

:  DEC. 

BASE  a  DECIMAL  OVER  8  U.R  2  SPACES  BASE  !  ; 

:  ALL.  DEC.  HEX.  BITS.  DROP  ;  (  n  -  ) 

:  SAY. CHANNEL  (  n  -  n  ) 

DUf> 


CR  .«  CHANNEL 

u 

CASE  0  a  OF  .” 

A 

"  ENOOF 

CASE  1  a  OF 

B 

••  ENDOF 

CASE  2  a  OF 
ENOCASE  ; 

C 

"  ENDOF 

:  SEE  (  Ch  ) 

SAY. CHANNEL 

CR  ."  Register  Decimal  Hex 

CR  TONE  PERIOD  “ 

DUP  TONE. PERIOD  GET  ALL. 

CR  ."  AMPLITUDE  " 

DUP  AMPLITUDE  GET  ALL. 

CR  .■•  ENVELOPE  PERIOD  " 

DUP  ENVELOPE. PERIOD  GET  ALL. 

CR  ."  SHAPE/aCLE  " 

DUP  SHAPE/CYCLE  GET  ALL. 

CR  ."  DUTY  CYCLE 

DUTY. CYCLE  GET  ALL. 

CR  ENABLE  REGISTER  " 

NOT. ENABLE  GET  235  XOR  ALL. 

CR  ."  NOISE  PERIOD  " 

NOISE.PERIOD  GET  ALL. 

CR  ."  NOISE  AND  MASK  " 

NOISE.AND.NASK  GET  ALL. 

CR  ."  NOISE  OR  MASK  " 

NOISE .OR. MASK  GET  ALL. 

4  SPACES  ; 


Binary  " 


ENVELOPE 
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(  words  to  work  the  envelope  registers  ) 

:  envelope. ON  32  SWAP  ANPLITUDE  SEND  ;  (  ch  -  > 

:  ENVELOPE. OFF  0  SWAP  AMPLITUDE  SEND  ;  (  ch  -  ) 

:  ATTACK. ONCE  (  ch  •  ) 

[  ATTACK. BIT  ALT. BIT  CONTINUE. BIT  HOLD. BIT  OR  OP  Oft  ] 

LITERAL  SWAP  SHAPE/CYCLE  Oft .ON  ; 

:  DECAY. ONCE  (  ch  -  ) 

[  ATTACK. BIT  CONTINUE. BIT  ALT. BIT  HOLD. BIT  Oft  Oft  Oft  ] 

LITERAL  SWAP  SHAPE/CYCLE  XOft.OFF  ; 

:  ATTACK. AND. HOLD  (  ch  •  ) 

ALT. BIT  OVER  SHAPE/CYCLE  XOft.OFF 
C  ATTACK. BIT  CONTINUE. BIT  HOLD. BIT  OR  Oft  1 
LITERAL  SWAP  SHAPE/CYCLE  Oft. ON  ; 

:  TRIANGLES  (  ch  •  ) 

HOLD. BIT  OVER  SHAPE/CYCLE  XOft.OFF 
t  ATTACK. BIT  ALT. BIT  CONTINUE. BIT  Oft  OR  ] 

LITERAL  SWAP  SNAPE/CYCLE  OR. ON  ; 

:  ATTACKS  (  ch  •  ) 

t  ALT. BIT  HOLD. BIT  OR  ]  LITERAL  OVER  SHAPE/CYCLE  XOft.OFF 
t  ATTACK. BIT  CONTINUE. BIT  OR  ]  LITERAL  SWAP  SHAPE/CYCLE  OR.ON  ; 

:  DECAYS  (  ch  •  } 

C  ATTACK. BIT  ALT. BIT  HOLD.BIT  OR  OR  ] 

LITERAL  OVER  SHAPE/CYCLE  XOft.OFF 
CONTINUE. BIT  SWAP  SHAPE/CYCLE  OR.ON  ; 


I 


CONVERT 
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DECIMAL 

250000.  2CONSTANT  CLOCK  (  AY-8930  clock  freqeuncy  divided  by  8  } 

(  this  is  a  empirical  setting,  the  preliminary  manual  divides  by  ) 

:  HZ  CLOCK  ROT  UM/HOO  NIP  ; 

(  2000  HZ  leaves  the  TONE. PERIOD  ) 

(  HZ  can  be  used  for  tone  or  noise  periods  ) 

(  noise  period  is  the  input  clock  rate  to  the  polynomial  shift  register  ) 
:  EHZ  CLOCK  32  UM/NOD  NIP  SWAP  /  ; 

(  envelope  period  is  the  time  for  the  32  envelope  steps  ) 


TIME6522 
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(  USES  T1  AND  T2  ON  AUDIO. 6S22  ) 

:  TASK  ; 

HEX 

:  INIT. TIMER. HDU 

EO  AUDIO. 6522. ACR  Cl  (  T1  SQUARE  WAVE,  T2  COUMT  DOWN  ) 
40  AUDI 0.6522. PORT. B. DDR  P.OFF  (  MAKE  P86  AN  INPUT  } 


DECIMAL 


50000 

CONSTANT 

T1. 50. MSEC 

10000 

CONSTANT 

T1. 10. MSEC 

5000 

CONSTANT 

T 1.5. MSEC 

1000 

CONSTANT 

T1.1.MSEC 

100 

CONSTANT 

T1..1.MSEC 

10 

CONSTANT 

T1.. 01 .MSEC 

VARIABLE  T1. INITIAL. COUNT 
T1.1.MSEC  T1. INITIAL. COUNT  I 


><!  (  n  addr  -  stored  lowbyte  in  addr  then  hibyte  in  addr  >1  ) 

SWAP  ><  SWAP  I 


:  a><  a  ><  ; 

:  INIT.T1. COUNT 

T1. INITIAL. COUNT  3  AUDI0.6522.T1L-L  ><l 
T1. INITIAL. COUNT  3  AUDIO. 6522. T1C-L  ><l 


VARIABLE  T2. INITIAL. COUNT 

HEX  FFFE  T2. INITIAL. COUNT  I  DECIMAL 


:  IMIT.T2. COUNT 

T2. INITIAL. COUNT  3  AUDIO. 6522. T2C-L  ><l 


:  INIT. TIMER 

INIT. TIMER. HOW 
INIT. T1. COUNT 
INIT. T2. COUNT 
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START. TIMER 


TIME6S22 
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INIT.T2. COUNT 


:  READ. TIMER  (  •  n  ) 

T2. INITIAL. COUNT  3  AUDI0.6522.T2C-L  »><  - 


(  WORDS  FOR  SCAN  TIMING  ) 
varimBle  t2. inter. SCAN.COUNT 

1000  T2. INTER. SCAN. COUNT  !  <  default  1  second  delay  ) 

5  2*  CONSTANT  AUOIO.6522.T2. INTERRUPT. FLAG 

:  START. INTER. SCAN. INTERVAL 
T2. INTER. SCAN. COUNT  B 
AUDIO. 6522. T2C-L  ><l 


:  ELAPSED. INTER.SCAN. INTERVAL 
T2.INTER.SCAN. COUNT  B 
AUDIO. 6522. T2C-L  B><  • 


S  TINTER.SCAN.INTERVAL.DONE 
AU0I0.6522.T2. INTERRUPT. FLAG 
AUOIO.6522.IFR  CB  AND  0»  NOT 


:  INIT. SYNCH 

INIT. TIMER. HOW 

INIT.T1.C0UNT 

START .  I NTER .  SCAN .  I NTERVAL 


:  SYNCH 
BEGIN 

7 I NTER .SCAN . I NTERVAL . DONE 
UNTIL 

START . I NTER . SCAN . I NTERVAL 


XICORS 
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(  Audio  Board  Control  for  Xicor  Digital  Potent ionwters  ) 
:  TASK  ; 

(  Audio. 6522. Port  B  ) 

3  2^  CONSTANT  UP/DOUN.BIT  (  1  IS  UP  ) 

A  2'  CONSTANT  STEP. BIT 

VARIABLE  STEP.OIRECTION 
0  STEP.OIRECTION  ! 

:  STEP. UP 

UP/DOWN. BIT  AUDI0.6S22.P0RT.B  P.ON 
TRUE  STEP.OIRECTION  I 


:  STEP.OOUN 

UP/DOUN.BIT  AUDI 0.6522. PORT. B  P.OFF 
FALSE  STEP.OIRECTION  I 


(  The  order  of  the  following  constants  will  detenaine  ) 
(  an  array  colunn,  the  bit  weight  and  the  output  port  ) 
<  Ay-8930.1  Port  A  ) 

0  CONSTANT  PRE.MIXER. LEVEL 

1  CONSTANT  NOISE. LEVEL 

2  CONSTANT  BALANCE 

3  CONSTANT  LEFT.AUDIO. LEVEL 

4  CONSTANT  RIGHT. AUDIO. LEVEL 

5  CONSTANT  NOT. USED 

6  CONSTANT  HIGH. PASS. FILTER. 1 

7  CONSTANT  HIGH. PASS. FILTER. 2 

6  CONSTANT  FILTER 
(  ALIAS  FOR  HIGH. PASS. FILTER. 1  ) 

(  AY-89S0.1  Port  B  } 

8  CONSTANT  AV-8930.0.CHANNEL.A. LEVEL 

9  CONSTANT  AY-8930.0. CHANNEL. B. LEVEL 

10  CONSTANT  AY-8930.0. CHANNEL. C. LEVEL 

11  CONSTANT  AY-8930.0. LEVEL 

12  CONSTANT  AY-8930.1 .CHANNEL. A. LEVEL 

13  CONSTANT  AY-8930.1 .CHANNEL. B. LEVEL 

14  CONSTANT  AY-8930.1 .CHANNEL. C. LEVEL 


XICORS 
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15  CONSTANT  Ar-8930.1 .LEVEL 


0  CONSTANT  XICOR. INITIAL. SETTING 
1  CONSTANT  XI COR. CURRENT. SETTING 

1  15  2ARRAr  XICOR. ARRAY 

VARIABLE  <STEP.TEHP> 

0  <STEP.TEMP>  I 

:  STEP.TENP  <STEP.TENP>  B  ;  (  WORKS  LIKE  A  CONSTANT  ) 

:  <SELECT>  (  uses  STEP.TENP  ) 

AY-8930.1 
STEP.TENP  8  * 

IF  STEP.TENP  2*  AY-8930. PORT. A  (  get  the  bit  weight  directly  ) 
ELSE  STEP.TENP  8  -  2*  AY-8930. PORT.B  (  Shift  down  by  8  > 

THEN  (  -  bit. weight  port  ) 


:  SELECT  <SEL£CT>  XOR.OFF  ;  <  bit. weight  port  •  ) 

:  UNSELECT  <SELECT>  OR. ON  ;  (  bit. weight  port  •  ) 

:  STEP. SETTING  (  Xicor  must  be  selected  ) 

STEP. BIT  AU0I0.6522. PORT.B  P.OFF  <  XICOR  STEP  IS  ACTIVE  LOW  ) 
XI COR. CURRENT. SETTING  STEP.TENP  XICOR.ARRAY  (  addr  ) 

STEP. 01 SECTION  B  IF  I NCR  ELSE  DECR  THEN 

STEP. BIT  AU0I0.6522. PORT.B  P.ON  (  PUT  IT  BACK  HIGH  ) 


:  GOTO.SETTINC  (  target. set ting  Xicor. constant  0-15  > 
<STEP.TENP>  I  (  the  key  to  this  routine  ) 

OUP  0  100  BETWEEN  (  target  ) 

IF 

DUP  SELECT  (  target  target  -  target  target  ) 
XICON.CURRENT. SETTING  STEP.TENP  XICOR.ARRAY  B 
•  (  target  target  current  -  target  delta  ) 

0<  IF  STEP.DOWN  ELSE  STEP.UP  THEN  (  sals  AY-8930.0) 
(  -  target  ) 

~tEGIN  (  target  ) 

DUP  XICOR. CURRENT. SETTING  STEP.TENP  XICOR.ARRAY  B 
■  NOT 

WHILE  STEP. SETTING 
REPEAT 

ELSE  ABORT”  BAD  ARGUNENT  TO  GOTO. SETTING” 

THEN  (  target  ) 

DROP 


XICOSS 
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UNSELECT 


:  ALL. XICORS. TORERO 
AY-8930.1 

255  Ar-8930.P0RT.A  SEM) 

255  AY-8930.P0RT.B  SEND 

(  ABOVE  THREE  LINES  ARE  REQUIRED  BECAUSE  SELECT  IS  ) 
(  NEGATIVE  LOGIC  --  A  LOU  SELECTS  THE  XICOR  ) 

STEP. DOWN 
16  0  DO 

I  <STEP.TEMP>  ! 

SELECT 

100  0  DO  STEP. SETTING  LOOP 
0  XI COR. CURRENT. SETTING  I  XICOR.ARRAY  I 
UNSELECT 
LOOP 


:  ALL.XICQRS.TO.INITIAL. SETTING 
ALL.XICORS.TO.ZERO 
16  0  DO 

I  <STEP.TEMP>  I 
SELECT 

XICOR. INITIAL. SETTING  I  XICOR.ARRAY  8 
I  GOTO.SETTING 
UNSELECT 
LOOP 


:  SHOU.XICORS 
CR 

XICOR  SETTINGS  INITIAL  CURRENT  * 

CR 

.”  PRE. MIXER. LEVEL  ” 

XICOR. INITIAL. SETTING  PRE. MIXER. LEVEL  XICOR.ARRAY  8  10  U.R 
XI COR. CURRENT. SETTING  PRE.MIXER. LEVEL  XICOR.ARRAY  8  10  U.R 
CR 


."  NOISE.LEVEL 
XICOR. INITIAL. SETTING 
XICOR.CURRENT. SETTING 
CR  ~ 

."  BALANCE 

XICOR. INITIAL. SETTING 
XI COR. CURRENT. SETTING 

CR 


M 

NOISE.LEVEL  XICOR.ARRAY  8  10  U.R 
NOISE.LEVEL  XICOR.ARRAY  8  10  U.R 


BALANCE  XICOR.ARRAY  8  10  U.R 
BALANCE  XICOR.ARRAY  8  10  U.R 


."  LEFT.AUOIO.LEVEL  “ 

XICOR. INITIAL. SETTING  LEFT.AUOIO.LEVEL  XICOR.ARRAY  8  10  U.R 
XI COR. CURRENT. SETTING  LEFT.AUOIO.LEVEL  XICOR.ARRAY  8  10  U.R 


XICORS 
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CR 

RIGHT.AUDIO. LEVEL  " 

XICOR. INITIAL  GETTING  RIGHT. AUDIO.LEVEL  XICQR.ARRAT  3  10  U.R 
XI COR. CURRENT. SETTING  RIGHT. AUDIO. LEVEL  XICOR.ARRAY  8  10  U.R 
CR 

.“  HOT. USED  " 

XICOR. INITIAL. SETTING  NOT. USED  XICOR.ARRAY  a  10  U.R 
XI COR. CURRENT. SETTING  NOT .USED  XICOR.ARRAY  a  10  U.R 
CR 

.«  HIGH. PASS. FILTER. 1  " 

XICOR. INITIAL. SETTING  HIGH. PASS. FILTER. 1  XICOR.ARRAY  a  10 
U.R 

XI COR. CURRENT. SETTING  HIGH. PASS. FILTER. 1  XICOR.ARRAY  3  10 

U.R 

CR 

HIGH. PASS. FILTER. 2  " 

XICOR. INITIAL. SETTING  HIGH. PASS. FILTER. 2  XICOR.ARRAY  a  10 
U.R 

XI COR. CURRENT. SETTING  HIGH.PASS.FILTER.2  XICOR.ARRAY  a  10 

U.R 

CR 

.*•  AY-8930.0. CHANNEL  .A. LEVEL  * 

XICOR. IHITIAL.SETTING  AY-8930.0.CHANNEL.A.LEVEL  XICOR.ARRAY 
a  10  U.R 

XICOR. CURRENT. SETTING  AY-8930. O.CHANNEL.A.LEVEL  XICOR.ARRAY 
a  10  U.R 
CR 

.”  AY-8930. O.CHANNEL.B. LEVEL  " 

XICOR. IHITIAL.SETTING  AY-8930. O.CHANNEL.B. LEVEL  XICOR.ARRAY 
a  10  U.R 

XI COR. CURRENT. SETTING  AY-8930. O.CHANNEL.B. LEVEL  XICOR.ARRAY 
a  10  U.R 
CR 

AY-8930.0. CHANNEL. C. LEVEL  " 

XICOR. IHITIAL.SETTING  AY-8930.0. CHANNEL. C.LEVEL  XICOR.ARRAY 
a  10  U.R 

XICOR. CURRENT. SETTING  AY-8930.0. CHANNEL. C.LEVEL  XICOR.ARRAY 
a  10  U.R 

CR 

."  Ar-89!30.0.LEVEL  " 

XICOR. IHITIAL.SETTING  AY-8930.0. LEVEL  XICOR.ARRAY  a  10  U.R 
XI COR TcURRENT. SETTING  AY-8930.0. LEVEL  XICOR.ARRAY  a  10  U.R 

CR 

.”  AY-8930.1. CHANNEL. A. LEVEL  " 

XICOR. IHITIAL.SETTING  AY-8930.1. CHANNEL. A. LEVEL  XICOR.ARRAY 
a  10  U.R 

XICOR. CURRENT. SETTING  AY-8930.1 .CHANNEL.A. LEVEL  XICOR.ARRAY 
a  10  U.R 
CR 


XICORS 
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AY-8930.1. CHANNEL. B. LEVEL  " 

XICON. INITIAL. SETTING  Ar-8930. 1 .CHANNEL. B. LEVEL  XICON.ARRAY 
a  10  U-.R 

XI COR. CURRENT. SETTING  AY - 8930. 1 .CHANNEL. B. LEVEL  XICOR.ARRAY 
a  10  U.R 
CR 


.«  AY-8930.1. CHANNEL. C. LEVEL  <* 

XICOR. INITIAL. SETTING  AY-8930.1 .CHANNEL. C. LEVEL  XICOR.ARRAY 
a  10  U.R 

XI COR. CURRENT. SETTING  AY -8930.1. CHANNEL. C.LEVEL  XICOR.ARRAY 
a  10  U.R 
CR 


.«  AY-8930.1. LEVEL  “ 

XICOR. INITIAL. SETTING  AY-8930.1 .LEVEL  XICOR.ARRAY  a  10  U.R 
XI COR. CURRENT. SETTING  AY-8930.1 .LEVEL  XICOR.ARRAY  a  10  U.R 


VARIABLE  DEFAULT. XICOR. SETTING 
75  DEFAULT. XICOR. SETTING  I 

:  DEFAULT. XICOR. INITIAL. SETTINGS 
16  0  DO 

DEFAULT. XICOR. SETTING  9 
XICOR. INITIAL. SETTING  I  XICOR.ARRAY  I 
LOOP 


:  SETUP.XICORS.TO.DEFAULT 

DEFAULT. XICOR. INITIAL. SETTINGS 
ALL.XICORS. TO. INITIAL. SETTING 


CONFIGUK 
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(  SOUND  CHIPS  MUST  BE  SET  UP  ) 


SETUP.SOUND. CHIPS 

AY-8930.0 

INIT. SOUND. CHIP 

AY-8930.1 

INIT. SOUND. CHIP 

SETUP. XICORS.TO.OEFAULT 


TRANSIT 
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(  TRANSITION  BETWEEN  NEW  HARDWARE  AND  AOI  SOFTWARE  FOR  TESTS  > 

(  THIS.  IS  WHERE  THE  DATA  FROM  THE  FLIGHT  INFORMATION  PACAKACE  GOES  ) 

(  ROUTINE  TO  CAPTURE  THE  DATA  SHOULD  BE  INSTALLED  IN  ONE  OF  THE  HOOKS  ) 
(  IN  AOI  WITH  A  PAUSE  TO  WAIT  FOR  NEW  DATA  ) 

7  ARRAY  INPUT .DATA 

(  THESE  MAKE  THE  ARRAY  ELEMENTS  FUNCTION  LIKE  VARIABLES  ) 

:  AIRSPEED  0  INPUT .DATA  ; 

:  ANGLE. OF. ATTACK  1  INPUT. DATA  ; 

:  VERTICAL. VELOCITY  2  INPUT. DATA  ; 

:  HEADING. ERROR  3  INPUT .DATA  ; 

:  ROLL. ANGLE  4  INPUT.DATA  ; 

:  PITCH. ANGLE  5  INPUT.DATA  ; 

:  ALTITUDE  6  INPUT.DATA  ; 

:  CHECKSUM  7  INPUT.DATA  ; 

(  COMPATIBILITY  DEFINITIONS  ) 

:  CENTER. BALANCE  SO  BALANCE  GOTO. SETTING  ; 

:  GOTO.BALANCE  BALANCE  GOTO.SETTING  ;  (  n  •  ) 


ACIACOM 


Wednesday,  January  3,  1990  1:22  pa 


Page  1 


(  DRIVER  FOR  NMI-5002  DUAL  ACIA  BOARD  ) 


TASK-  , 


HEX 

AOOO  CONSTANT  6552. BASE 

6552. BASE  4  *  CONSTANT  6552. (NT. REG. 2 

6552. BASE  5  *  CONSTANT  6552. CTRL. 2  (  WRITE  ) 

6552. BASE  5  ♦  CONSTANT  6552. STATUS. 2  (  READ  ) 

6552. BASE  7  *  CONSTANT  6552. DATA. 2 


:  INIT.ACIA.2 

OC  6552.CTRL.2  Cl  (  9600  baud  } 

El  6552. CTRL. 2  Cl  (8  bits  odd  parity  not  enabled  RTS  lo  ) 
7F  6552.INT.REG.2  (  turn  off  interrupts  ) 


:  RECEIVE.2  (  •  n  ) 

BEGIN 

6552.INT.REG.2  ca  1  AND 
UNTIL 

65S2.oArA.2  ca 


:  XNIT.2  <  n  •  ) 
6552.DATA.2  Cl 
BEGIN 

6552. STATUS. 2  Ca 
40  AND 
UNTIL 


DECIMAL 

:  RECEIVE.TEST 
BEGIN 

RECEIVE.2 

EMIT 

nERMINAL 

UNTIL 


:  XNIT.TEST 
BEGIN 
7TERNINAL 
IF  KEY 
XNIT.2 
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THEN 

ACAIN 


01  CONSTANT  SOH 
02  CONSTANT  STX 
03  CONSTANT  ETX 

OECINAL 

VARIABLE  CALCULATED. CHECKSUM 
VARIABLE  TIMEOUT. COUNT 

:  GET .DATA. FRAME 

0  CALCULATED. CHECKSUM  ! 

STX  XMIT.2 
0  TIMEOUT. COUNT  ) 

BEGIN 

TIMEOUT. COUNT  B 
H  DUP  TIMEOUT. COUNT  I 
50  » 

IF 

STX  XMIT.2 
0  TIMEOUT.CQUNT  I 
THEN 

RECEIVE. 2 
SOH  ■ 

UNTIL 
U  0  DO 

RECEIVE. 2 
DUP 

0  INPUT .DATA  1  ♦  Cl 
CALCULATED. CHECKSUM  *\ 
LOOP 

RECEIVE. 2  0  INPUT .DATA  14  *  Cl 
RECEIVE. 2  0  INPUT.OATA  15  *  Cl 
BEGIN 
RECEIVE. 2 
ETX  « 

UNTIL 


:  SHOW 
CR 

8  0  DO 

I  INPUT.OATA  a 

8  U.R 

LOOP 
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CALCULATED. CHECKSUM 
8  U.R 
CR 


a 


SHOFRAME 
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(  DISPLAYS  INPUT. DATA  ARRAY  ) 

:  TASK  ; 

:  SHOW. DATA. FRAME 
CR 

8  0  DO  I  INPUT. DATA  a  8  U.R  LOOP 
CALCUUTED. CHECKSUM  a  8  U.R 
CR 


I 
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:  START. AOl  ; 

(  PROTOTYPE  AOl  SOFTWARE  ) 

DOER  N.DO.AOA 

DOER  N.OO. AIRSPEED 

DOER  N.OO. ROLL 

DOER  N. DO. HEAD INC. ERROR 

DOER  N. DO. ALTITUDE 

DOER  N. DO. VERTICAL. VELOCITY 

DOER  HOOKI 

DOER  H00K2 

DOER  H00K3 

DOER  HOOKA 

DOER  N. STARTUP 

:  AOl  N. STARTUP 
BEGIN 
HOOKI 
H00K2 
H00K3 
HOOKA 

N.DO.AIRSPEEO 

N.OO. VERTICAL. VELOCITY 

N.OO. ROLL 

N.OO.HEADING. ERROR 
N.OO. ALTITUDE 
N.DO.AOA 
0  UNTIL  ; 

:  CENTER  CENTER. BALANCE  ; 

(  0  IS  LEFT  70  DEGREE  ROLL  } 

(  20A8  IS  LEVEL  ) 

(  A096  IS  RIGHT  70  DEGREE  ROLL  ) 
(  29.25  COUNTS/OEGREE  } 

VARIABLE  LEFT. ROLL. LIMIT. VALUE 
1A63  LEFT. ROLL. LIMIT. VALUE  ! 

(  20  DEGREES  LEFT  LIMIT  ) 

VARIABLE  LEFT. ROLL. THRESHOLD 
1901  LEFT. ROLL. THRESHOLD  I 
(  SET  TO  5  DEGREES  LEFT  ) 

VARIABLE  ROLL. ZERO 
20A8  ROLL. ZERO  I 


VARIABLE  RIGHT. ROLL. THRESHOLD 
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2194  RIGHT. ROLL. THRESHOLD  I 
(  SET  TO  S  DEGREES  RIGHT  ) 

VARIABLE  RIGHT. ROLL. LIMIT. VALUE 
2633  RIGHT. ROLL. LIMIT. VALUE  I 
(  20  DEGREES  RIGHT  LIMIT  ) 

:  DO. ROLL 

ROLL. ANGLE  8 

LEFT. ROLL. LIMIT. VALUE  3  RIGHT. ROLL. LIMIT. VALUE  8 
BETWEEN 
IF 

ROLL. ANGLE  8 

LEFT. ROLL. THRESHOLD  8  RIGHT. ROLL. THRESHOLD  8 
BETWEEN 

IF  SO  GOTO. BALANCE 

ELSE  ROLL. ANGLE  3  ROLL. ZERO  3  < 

IF  LEFT. ROLL. THRESHOLD  8  ROLL.ANGLE  8  • 

50 

LEFT. ROLL. THRESHOLD  3  LEFT. ROLL. LIMIT. VALUE  8  - 
•/  50  SWAP  •  GOTO. BALANCE 
ELSE 

ROLL.ANGLE  8  RIGHT. ROLL. THRESHOLD  8  - 

SO 

RIGHT. ROLL. LIMIT. VALUE  8  RIGHT. ROLL. THRESHOLD  8  - 
*/  so  «'  GOTO. BALANCE 
THEN 

THEN 

ELSE  ROLL.ANGLE  3 
LEFT. ROLL. LIMIT. VALUE  3  > 

IF  100  GOTO. BALANCE 
ELSE  0  GOTO. BALANCE 
THEN 
THEN 


(  0  IS  LEFT  180  DEGREE  ERROR  ) 

(  180  IS  NO  HEADING. ERROR  ) 

(  359  IS  RIGHT  179  DEGREE  ERROR  ) 

VARIAfLE  LEFT. HEADING. ERROR. LIMIT. VALUE 
160  LEFT. HEADING. ERROR. LIMIT. VALUE  I 

VARIABLE  LEFT. HEADING. ERROR. THRESHOLD 
175  LEFT. HEADING. ERROR. THRESHOLD  ) 

VARIABLE  HEADING. ERROR. ZERO 
180  HEADING.ERROR.ZERO  I 
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VAR I ABLE  R t  GHT . HEAD I NG . ERROR . THRESHOLD 
185  RIGHT. HEADING. ERROR. THRESHOLD  I 

VARIABLE  RIGHT. HEAD I NG . ERROR . L I M I T . VALUE 
200  RIGHT. HEADING.ERROR. LIMIT. VALUE  I 


:  DO.HEADING. ERROR 

HEADING.ERROR  a 

RIGHT. HEADING. ERROR. LIMIT. VALUE  a  LEFT. HEADING. ERROR. LIMIT. VALUE  9 
BETWEEN 
IF 

HEADING.ERROR  a 

RIGHT. HEADING. ERROR. THRESHOLD  9  LEFT. HEADING. ERROR. THRESHOLD  a 
BETWEEN 

IF  SO  GOTO. BALANCE 

ELSE  HEADING.ERROR  a  HEADING. ERROR. ZERO  a  < 

IF  RIGHT. HEADING. ERROR. THRESHOLD  a  HEADING.ERROR  a  • 

50 

RIGHT. HEADING. ERROR. THRESHOLD  9  RIGHT. HEADING. ERROR. LIMIT. VALUE  a  • 
*/  50  SWAP  •  GOTO.BALANCE 
ELSE 

HEADING.ERROR  a  LEFT. HEADING. ERROR. THRESHOLD  a  - 
50 

LEFT. HEADING. ERROR. LIMIT. VALUE  9  LEFT. HEADING. ERROR. THRESHOLD  a  - 
•/  50  >  GOTO.BALANCE 
THEN 

THEN 

ELSE  HEADING.ERROR  a 

LEFT. HEADING. ERROR. LIMIT.VALUE  9  > 

IF  100  GOTO.BALANCE 
ELSE  0  GOTO.BALANCE 
THEN 
THEN 


VARIABLE  AIRSPEED. CHANNEL 
C  AIRSPEED. CHANNEL  I 

VARIABLE  AIRSPEED. CHIP 
0  AIRSPEED. CHIP  I 

VARIABLE  AIRSPEED.AMPLITUDE 
20  AIRSPEED.AMPLITUDE  I 


<  0  IS  0  KNOTS  OF  AIRSPEED  ) 
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(  4096  IS  330  KNOTS  OF  AIRSPEED  } 

(  12.41  COUNTS/KNOT  ) 

VARIABLE  LOW. AIRSPEED. LIMIT. VALUE 

1116  LOW. AIRSPEED. LIMIT. VALUE  I 

<  SET  TO  90  KNOTS  -  STALL  FOR  THE  OUEENAIRE  ) 

VARIABLE  HI. AIRSPEED. LIMIT. VALUE 

2234  HI. AIRSPEED. LIMIT. VALUE  I 

(  SET  TO  180  KNOTS  -  TYPICAL  FOR  THE  OUEENAIRE  ) 

VARIABLE  AIRSPEEO.MAX.FREO  (  Hz  ) 

1000  AIRSPEEO.MAX.FREO  ) 

VARIABLE  AIRSPEEO.MIN.FREO  (  Hz  ) 

40  AIRSPEEO.MIN.FREO  I 

VARIABLE  AIRSPEED. AMPLITUDE. FLAG 
FALSE  AIRSPEED. AMPLITUDE. FLAG  ! 

:  SETUP. AIRSPEED 

AIRSPEED. CHIP  B  SET. SOUND. CHIP 
AIRSPEED. CHANNEL  9  TONE.ENABLE 


:  DO. AIRSPEED 

AIRSPEED. CHIP  9  SET. SOUND. CHIP 
AIRSPEED  a  LOW.AIRSPEED.LIMIT.VALUE  a  < 

IF  FALSE  AIRSPEED. AMPLITUDE. FLAG  I  (  used  by  OO.VERTICAL. VELOCITY  } 
ELSE 

AIRSPEED  a  HI. AIRSPEED. LIMIT.VALIC  9  > 

IF 

AIRSPEEO.MAX.FREO  B 
ELSE 

AIRSPEED  a  LOW.AIRSPEED.LIMIT.VALUE  9  •  (  delta  ) 
AIRSPEEO.MAX.FREO  9  AIRSPEEO.MIN.FREO  9  -  (  freq.  range  ) 

HI .AIRSPEED. LIMIT. VALUE  B  LOW.AIRSPEED.LIMIT.VALUE  9  -  (  used  ) 
•/  AIRSPEED.MIN.FREO  9  * 

THEN 

HZ  AIRSPEED. CHANNEL  B  TONE. PERIOD  SEND 
TRUE  AIRSPEEO.AMPLITUOE.FLAG  I 
~  THEN 


VARIABLE  ATTACK.OECAY.FLAG 

1  CONSTANT  ADF. DECAY 

2  CONSTANT  ADF. ATTACK 


(  0  IS  DIVE  2048  FEET/MIN  ) 
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<  Z<M  IS  LEVEL  FLIGHT  ) 

(  4096  IS  CLIMB  2048  FEET/HIN  ) 

(  1  FOOT/MINUTE/COUNT  ) 

VARIABLE  VERTICAL. VELOCITY. CHANNEL 
C  VERTICAL. VELOCITY. CHANNEL  I 

VARIABLE  VERTICAL. VELOCITY. CHIP 
0  VERTICAL. VELOCITY. CHIP  ! 

VARIABLE  CLIMB. 2048. FT/MIN. VALUE 
4096  CL I MB. 2048. FT/M IN. VALUE  ! 

VARIABLE  CLIMB. THRESHOLD 
2348  CL I MB. THRESHOLD  I 

VARIABLE  VERTICAL. VELOCITY. 2ERO 
2048  VERTICAL. VELOCITY. ZERO  I 

VARIABLE  DIVE. THRESHOLD 
1748  DIVE. THRESHOLD  I 

VARIABLE  0IVE.2048.FT/MIN.VALUE 
0  DIVE. 2048.FT/MIN. VALUE  I 

VARIABLE  VERT. VEL.MIN. ENVELOPE. PERIOD 
12000  VERT. VEL.MIN. ENVELOPE. PERIOD  ! 

:  SETUP.VERTICAL.VELOCITY 
0  ATTACK.OECAY.FLAG  I 


:  DO.VERTICAL.VELKITY 

VERTICAL.VELOCITY.CHIP  B  SET. SOUND. CHIP 
VERTICAL. VELOCITY  B 

DIVE.2048.FT/MIN. VALUE  B  CLIMB. 2048.FT/MIN. VALUE  B 

BETWEEN 

IF 

VERT I CAL. VELOCITY  B 
DIVE. THRESHOLD  B  CL IMS. THRESHOLD  B 
BETWEEN 
~  IF 

0  ATTACK.OECAY.FLAG  I 
AIRSPEED. AMPLITUDE. FLAG  B 
IF  AIRSPEED. AMPLITUDE  B 

AIRSPEED. CHANNEL  B  AMPLITUDE  SEND 
THEN 

ELSE 

VERTICAL. VELOCITY  B  VERTICAL.VELOCITY.ZERO  B  > 


J 
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IF  <  climb  > 

CLIMB. 2048. FT/MIN.VALUE  B  VERTICAL. VELOCITY  a  • 
32767  VERT. VEL.MIN.EMVELQK. PERIOD  a  2/  -  (  span  ) 
CLIMB. 2048. FT/NIM. VALUE  a  CLIMB. THRESHOLD  a  • 

*/  2* 

ATTACK. DECAY. FLAG  a  ADF.DECAY  <  NOT 
IF 

VERTICAL. VELOCITY. CHANNEL  a  DECAYS 
THEN  ADF.DECAY  ATTACK.DECAY.FLAG  I 
ELSE  (  diva  ) 

VERTICAL. VELOCITY  a  DIVE. 2048.FT/MIN. VALUE  a  - 
32767  VERT.VEL.MIN. ENVELOPE. PERIOD  a  2/  •  (  span  ) 
DIVE. THRESHOLD  a  DIVE. 2048.FT/MIN. VALUE  a  - 
*/  2* 

ATTACK.DECAY.FLAG  a  AOF.ATTACK  >  NOT 
IF 

VERTICAL. VELOCITY.CHANNEL  B  ATTACKS 
THEN  ADF.ATTACK  ATTACK.DECAY.FLAG  I 

THEN 

VERT.VEL.MIN. ENVELOPE. PERIOD  B  *■ 

VERTICAL. VELOCITY. CHANNEL  B  ENVELOPE. PER I 00  SEND 
VERTICAL. VELOCITY. CHANNEL  B  ENVELOPE.ON 

THEN 

ELSE 

VERTICAL. VELOCITY  B 
0IVE.2048.FT/M1N.VALUE  B  < 

IF 

ATTACK.DECAY.FLAG  a  AOF.ATTACK  -  NOT 
IF 

VERTICAL.VELKITY. CHANNEL  B  ATTACKS 
THEN  AOF.ATTACK  ATTACK.DECAY.FLAG  I 
ELSE 

ATTACK.DECAY.FLAG  B  ADF.DECAY  ■  NOT 
IF 

VERTICAL.VELOCITY.CHANNEL  B  DECAYS 
THEN  ADF.DECAY  ATTACK.OECAY.FUG  I 
THEN 

VERT.VEL.MIN. ENVELOPE. PERIOD  B 
VERTICAL.VELOCITY.CHANNEL  9  ENVELOPE. PER I GO  SEND 
VERTICAL.VELOCITY.CHANNEL  9  ENVELOPE.ON 

THEN 


VARIABLE  ANGLE.OF. ATTACK. TOLERANCE 
200  ANGLE. OF.ATTACK. TOLERANCE  I 
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VARIABLE  ANGLE.OF. ATTACK. CHANNEL 
B  ANGLE.OF.ATTACK. CHANNEL  I 
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VARIABLE  ANGLE. OF.ATTACK. CHIP 
0  ANGLE.OF.ATTAOC.CHIP  I 

VARIABLE  ANGLE.OF. ATTACK. AMPLITUDE  (  0  through  31  ) 

15  ANGLE.OF. ATTACK.ANPLITUDE  I 

VARIABLE  ANGLE  .OF  .ATTACK .  NEUTRAL  .VALUE 
4B93  ANGLE.OF. ATTACK. NEUTRAL. VALUE  I 

VAR  I  ABLE  ANGLE .  OF .  AT  TACK .  ST  AL  L .  VALUE 
6800  ANGLE.OF .ATTACK. STALL. VALUE  I 

:  SETUP.AOA 

ANGLE.OF.ATTAOC.CHIP  B  SET. SOUND. CHIP 
ANGLE.OF .ATTACK. CHANNEL  B  NOISE. ENABLE 


:  DO.AOA 

ANGLE.OF.ATTAOC.CHIP  B  SET. SOUND. CHIP 
ANGLE. OF. ATTACK  B 

ANGLE. OF.ATTACX.NEUTRAL. VALUE  B  ANCLE.OF.ATTACK.TOLERANCE  B  «  < 

IF  ANGLE.OF.ATTACK.CHANNEL  B  ZERO.AMPLITUDE 
ELSE 

ANGLE. OF. ATTACK  B  ANGLE. OF. ATTACK.STALL. VALUE  B  > 

IF 

1 

ELSE 

ANGLE. OF. ATTACK  B  ANGLE.OF.ATTACK.NEUTRAL. VALUE  B 
ANCLE.OF.ATTACK.TOLERANCE  B  ♦  •  C  delta  ) 

255 

ANGLE. OF.ATTACK.STALL.VALUE  B 

ANGLE. OF.ATTACX.NEUTRAL. VALUE  B  ANGLE.OF .ATTACK. TOLERANCE  B  *  - 
•/  255  SWAP  - 
THEN 

NOISE. PERIOD  SEND 

ANGLE.OF.ATTACK.AMPLITUDE  B  ANGLE.OF.ATTACK.CHANNEL  B  AMPLITUDE  SEND 
THEN  ; 


VARIABLE  ALTITUDE. CHANNEL 
A  ALTITUDE. CHANNEL  I 

VARIABLE  ALTITUDE. CHIP 
0  ALTITUDE. CHIP  I 

C  0  IS  2048  FEET  BELOW  FIP  SETTING  ) 

C  2048  IS  AT  FIP  SETTING  } 

(  4096  IS  2048  FEET  ABOVE  FIP  SETTING  ) 
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VARIABLE  LOU.ALTITUDE. LIMIT. VALUE 
1548  LOW.ALTITUDE. LIMIT. VALUE  I 

VARIABLE  HIGH. ALTITUDE. LIMIT. VALUE 
2548  HIGH. ALTITUDE. LIMIT. VALUE  ( 

VARIABLE  ALTITUDE. ENVELOPE. PERIOD 
2000  ALTITUDE. ENVELOPE. PERIOD  I 

VARIABLE  LOW.ALTITUDE.FREO  (  Hz  ) 

1500  H2  LOW.ALTITUDE.FREO  I 

VARIABLE  HIGH. ALTITUDE. FREQ  (  Hz  ) 

3500  HZ  HIGH. ALTITUDE. FREO  I 

:  SETUP. ALTITUDE 

ALTITUDE. CHANNEL  3  TRIANGLES 

ALT  I TUBE. ENVELOPE. PER 1 00  3  ALTITUDE. CHANNEL  3  ENVELOPE. PER 1 00  SEND 
ALTITUDE. CHANNEL  3  TONE. ENABLE 


:  OO.ALTITUOE 

ALTITUDE. CHIP  3  SET. SOUND. CHIP 
ALTITUDE  3 

LOW.ALTITUDE. LIMIT.VALUE  3  HIGH.ALTITUDE.LIMIT.VALUE  3 
BETWEEN 

IF  ALTITUDE. CHANNEL  3  ZERO. AMPLITUDE 
ELSE 

ALTITUDE  3  LOU.ALTITUDE. LIMIT.VALUE  3  < 

IF  LOW.ALTITUDE.FREO  3  ALTITUDE. CHANNEL  3  TONE. PERIOD  SEND 
ELSE  HIGH .ALT I TUBE. FREO  3  ALTITUDE. CHANNEL  3  TONE. PERIOD  SEND 
THEN 

ALT I TUBE. CHANNEL  3  ENVELOPE.ON 
THEN 
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(  INITIALIZATIONS  FOR  THE  AOI  STARTUP  ROUTINE  ) 

DOER  N^NORE.AOI. STARTUP. 1 
DOER  N. MORE. AOI. STARTUP. 2 
DOER  N. MORE. AOI. STARTUP. 3 


:  SETUP 

SETUP. SOUND. CHIPS 

AY-8930.0 

INIT. SOUND. CHIP 

2SS  AY-8930. PORT .A  SEND 

2SS  AY-893Q.P0RT.B  SEND 

AY-8930.1 

INIT. SOUND. CHIP 

2S5  AY-8930.P0RT.A  SEND 

ALL. XICORS. TO. INITIAL. SETTING 

CENTER 

SETUP. AIRSPEED 
SETUP .  VERT  I  CAL .  VELK I TY 
SETUP.AOA 
SETUP. ALTITUDE 
N.NORC.AOI. STARTUP. 1 
N. MORE. AOI. STARTUP. 2 
N. MORE. AOI. STARTUP. 3 
INIT.ACIA.2 

INIT. SYNCH  (  INITIALIZE  T1-T2  AUDI0.6522. TIMER  FOR  SYNCH  ) 
100  NOISE. LEVEL  GOTO.SETTING 
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(  Hooka  vectors  and  duipe  Mdian  to  screen  ) 

(  A  to  0  connection  raiaoved  ) 

(  SHOW.NEDIANS  reaioved  ) 

HAKE  N. STARTUP  SETUP  (  IN  FILE  SYSINITS  ) 

MAKE  H0QK1  SYNCH 

(  UAITS  UNTIL  1  SECOND  HAS  ELAPSED  SINCE  TINEA  STARTED  ) 

(  THE  TINE  FOR  THE  AOI  PROCESSING  IS  WITHIN  THE  SECOND  ) 

NAKE  HOOIC2  GET. DATA. FRANE 

(  PUTS  A  FRANE  OF  DATA  INTO  INPUT .DATA  ARRAY  ) 

(  INPUT. DATA  IS  DEFINED  IN  FILE  TRANSITS  ) 

(  GET. DATA. FRANE  IS  DEFINED  IN  ACIACON  ) 

NAKE  H0QK3  SHOU.DATA. FRANE 
(  SHOWS  THE  DATA  FRANE  FRON  INPUT. ARRAY  ) 

NAKE  HOOKA  GET. OUT 

(  GET. OUT  BREAKS  YOU  OUT  OF  THE  PROGRAN  IF  ANY  KEY  IS  HIT  ) 

(  GET. OUT  DEFINED  IN  FILE  SETUP  ) 

(  NAKE  N.DO.AOA  DO.AOA  ) 

(  AOA  VANE  IS  HOT  YET  ON  AIRPLANE  ) 

NAKE  N.DO.AIRSPEED  DO. AIRSPEED 

(  BOTH  DO.ROIL  AND  DO. HEADING. ERROR  USE  THE  HEADPHONE  BALANCE  ) 
(  THEREFORE  ONLY  ONE  CAN  BE  USED  AT  A  TINE  ) 

NAKE  N. DO.ROIL  DO.RaL 

(  NAKE  N.DO.HEAOING. ERROR  DO. HEADING. ERROR  ) 

NAKE  N.DO.ALTITUOE  DO.ALTITUDE 

NAKE  H.DO.VERTICAL.VELaiTY  DO.VERTICAL.VELOCITY 
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This  is  the  coanand  line  used  with  Norton's  LP  prograa 
to  produce  the  HP  LaserJet  listings: 

Ip  filespec  /h60/u132/set:\soi2\lasercod/l2S/r2S 

The  file  lasercod  contains  the  setup  for  the  HP  LaserJet 
and  consists  of: 

\027E\027(s16.66H 
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\027E\027(s16.66H 


